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INAUGURAL ADDRESS 

BY THE PRESIDENT, 

Sir E. leader WILLIAMS, 

M.Inst.C.E., MJnst.M.E., &o., 
DELIVERED SATURDAY, 12th JANUARY, 1896. 



In pursuance of the usual custom I have now the pleasure of 
delivering the annual address, and also of thanking you for the 
honour you have conferred upon me by electing me your 
President for the coming year. 

It has to some extent been customary to review the improve- 
ments in engineering science since the last address, but on this 
occasion, I shall confine myself to the branch of our profession 
in which I have been most closely engaged. 

In the limited time at my disposal, I can only give a brief 
epitome of two of the great works that have been carried out 
successfully during the last twenty-five years, the Suez and the 
Manchester Ship Canals. 

Lord Bacon wrote : '^ There be three things which make a nation 
great and prosperous — a fertile soil, busy workshops, and easy 
conveyance for men and commodities from one place to another.'' 
Surely the sea and inland navigations fulfil the last require- 
ment. I cannot here help also quoting a passage from the first 
prospectus of the Liverpool and Manchester Eailway, which 
appeared in the Times of December 29th, 1825, as the language 
used applies equally to water-ways as to railways. 

EXTRACT FROM "THE PROSPECTUS OF THE LIVERPOOL AND 
MANCHESTER RAILWAY COMPANY. 1825." 

** Moreover, it would be to take a very narrow and imperfect view of the 
'* great question now nnder diBcasBion to limit our consideration to the 
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"immediate aooommodation of the mercantile classes — ^to the peooniary 
'* saving proposed to the travelling community — or even to the still .more 
** important saving to the consumer of coals, and of every description of 
" goods conveyed between Liverpool and Manchester. The question 
" demands a wider survey and the consideration of more distant results. 
« We must contemplate the important effects upon the commerce of the 
*' nation which are to be anticipated on the one hand, from affording, or, on 
" the other hand, from denying, facilities to the commercial operations of 
** this great country. 

" But the subject does not end here. It becomes a question of serious 
" import whether this country, which is indebted for so much of her wealth 
*' and power and greatness to the bold and judicious application of 
" mechanical science, shall now pause in the career of improvement, while 
** it is notorious that other nations will adopt the means of aggrandisement 
** which we reject ; whether England shall relinquish the high vantage- 
** ground which she at present possesses, not more with reference to the direct 
** operations of commerce and manufactures than generally in the successful 
** application of the most important principles of science and of art.'' 

The Early History of Canals is a matter of some interest. 
The advantages of Inland Navigation were obviously so great, 
that the Boyal Oanal in China was constructed as early as 
the year 980. Its length is upwards of 825 miles, with many 
branches in addition to the main canal. It occupied 30,000 men 
for 48 years in construction. The Suez and the Corinth Canals 
almost traverse the same ground that was occupied by early 
canals of smaller size. In England the Romans constructed 
canals, one of which, the Foss Dyke Navigation, still is used. 
It connects the river Witham at Lincoln with the river Trent 
at Torksey. 

The introduction of Locks enabled Canals to be constructed 
through a country requiring different levels, thus saving great 
cost in excavation. There is some doubt as to the date of their 
introduction. Flashes in rivers were used before locks were 
invented, which appears to have been in Italy in the 15th 
century. In the year 1481, two brothers of Viterbo, named 
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Domenico, watch makers, designed a chamber with a double 
pair of gates for canals, and it was adopted in the canal della 
Martesana. 

THE SUEZ CANAL. 

No waterway is more important to commerce than this Canal, 
it being the complete fulfilment of the early canals made across 
the same isthmus so far hack as the reign of Darius. Napoleon, 
during the invasion of Egypt, had a survey made for a Canal, 
but the works of the Canal were not carried out, mainly owing 
to the erroneous levels, which were said to have proved that the 
Bed Sea was 80 feet above the level of the Mediterranean. 

Surveys were made by Captain Chesney in 1880, and by 
Mr. Eobert Stevenson in 1847, with the object of determining 
the correct levels and the best line for the Canal. 

From 1849 to 1854, M. de Lesseps and his Engineers were 
occupied in maturing the project. In 1855 an International 
Commission was formed to examine the proposed course. The 
English Engineers were Bobert Stevenson, A. M. Bendel and 
J. B. McClean. The Commission agreed that a Canal was 
practicable, but they differed as to line of route and the level of 
Canal. The English Engineers were of opinion that the level 
should be raised twenty-five feet above sea level by locks at each 
end of the canal. The Canal was to be supplied with water 
from the river Nile. 

This high-level Canal would have been nearly all excavated 
above the natural drainage of the country, and the embankments, 
it was estimated would require 70 million cubic metres of exca- 
vation. The English Engineers considered that the proposed 
low-level ctmal would rapidly silt up ; that a channel could not 
be maintained by dredging at Port Said ; that there would be 
deposits of salt through evaporation of the salt water, and that 
there would be currents of considerable velocity in the Canal. 
Time, however, has proved these predictions to be erroneous; 
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if the high-level canal had been adopted the safety of the canal 
would have depended upon the embankments, and much silting 
would have taken place from the constant supply of water from 
the river Nile. 

The Suez Oanal is the only large Ship canal at one uniform 
level without locks. The failure of the Panama Canal was largely 
due to M. de Lesseps attempt to apply this system where it 
was not properly applicable. During M. de Lesseps last visit 
to Manchester I had several conversations with him in reference 
to the Panama Canal. The capital had not then been raised 
for the works of the Manchester Ship Canal, but we were over- 
looking the site of the canal and docks at Manchester, discussing 
the question of locks in ship canals. 

M. de Lesseps said his success on the Suez Canal was such 
as to prove that the Panama Canal could be constructed and 
worked without locks. I replied the two cases were not similar. 
His answer was that the English engineers were wrong as to 
the Suez Canal, and locks were not necessary at Panama. In 
1888, however, the original plans of the Panama Canal had to 
be altered, and eight locks were designed to reduce the amount 
of the great Culebra excavation. This alteration was too late 
to save the canal. 

M. de Lesseps did not dispute the advantage of locks on the 
Manchester Ship Canal, as the raising of the water to a level 
which admits of shipping lying on the canal, alongside wharves 
or works, at a suitable height above the canal for loading or 
discharging, was, he considered, a great advantage in a canal 
which is virtually an elongated dock. 

The Suez Canal starts at Port Said on the Mediterranean, 
and runs nearly due south to Suez on the Red Sea, with a 
slight deviation in its course to enable it to traverse the Bitter 
and other lakes. Its length is about 100 miles, and it was 
originally formed to a bottom width of 72 feet, and a depth of 



INAUOUKAL ADDBESS. 6 

26 feet. The gauge of a canal for navigation purposes is the 

depth and the bottom width ; the sides may change from being 
almost vertical to a very flat slope, and therefore the top width 
may be very variable, depending upon the character of the soil 
through which the canal is constructed. 

The excavation of the Suez Canal for the first 45 miles from 
Port Said very little exceeded the 26 feet of depth required for 
the canal ; parts of the Bitter Lakes required no dredging. 

The deepest cutting was 85 feet. The material was generally 
sand, with some clay. At the Chatough cutting, south of the 
Bitter Lakes, rock was found. The total amount of excavation 
was nearly one hundred million cubic yards. A freshwater 
canal from the Nile had to be constructed for carriage of 
materials and the supply of fresh water. 

At Port Said a harbour was formed by constructing two long 
converging piers, one on either side of the canal entrance, 
projecting into the Mediterranean so as to prevent the silt 
flowing from the Nile blocking up the mouth of the canal. By 
dredging, deep water is maintained in the harbour. At the 
other end of the Canal, in the Bed Sea, an embankment and a 
pier protect the entrance. 

If the Suez Canal could have been cut in a direct line by the 
shortest route, its length would have been only 70 miles ; the 
increase to nearly 100 miles is due to the French engineers 
taking advantage of the beds of the lakes Menzaleh, Ballot,* 
Timsah and the Bitter Lakes, thus facilitating the work by 
greatly diminishing the amount of excavation. 

Lake Timsah and the Bitter Lakes were quite dry before the 
cutting of the canal, and were filled with water from the Bed 
Sea and Mediterranean. No less than 60 dredgers were 
employed in dredging a deep channel through those lakes, or on 
other parts of the canal. 
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The bottom width is not sufficient to enable large vessels to 
pass eaoh other, therefore, specially designed passing places are 
provided. As the traffic has so largely developed, the canal is 
being dredged out to a greater width, and the depth is being 
increased to 28 feet. The maximum draught now allowed is 
25ft. 7in. ; it was formerly 24ft. 7in. The total number of 
ships that passed through the canal in the year 1808 was 8,841, 
but only 164 exceeded 24 ft. 7 in. draught. 

The first sod of the Suez Canal was cut on the 25th April, 
1859. The Company had for the first four years a supply of 
from 15,000 to 20,000 men found by the Egyptian Government. 
These were withdrawn in 1864, but the Government paid the 
Canal Company an indemnity of Jgl, 520,000, and it also gave 
up customs dues on the Canal Company imports, tolls on the 
Freshwater canal, quarries, storehouses, &c. 

The contracts were let for £4,588,800, but the total cost of 
the canal is nearly £20,000,000. The cost of the work now in 
progress for enlarging the canal is estimated at £8,000,000. 

The canal was partially opened in 1869 and was completed 
before the end of that year. In 1870 the number of ships 
passed through the canal was 657, in 1891, 4,207. The transit 
receipts in 1870 were 5,159,827 francs, in 1891, 70,667,861 
francs. The number of passengers carried is nearly 200,000 a 
year. Out of the total net tonnage in 1898, 7,659,068 tons, no 
less than 5,752,934 tons were carried in British ships. 

In 1883 the average time of duration of passage was 48^ 

» 

hours. Owing to the adoption of the electric light and working 
by night, the average time has been reduced to 20f hours. The 
work now in hand for enlarging the canal will further diminish 
this time. 

M. de Lesseps originally named three million tons as the 
amount that would annually pass through the canal. In 1868, 
before the opening of the canal, his faith in his enterprise was 
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increased and he named six million tons. The actual quantity 
has averaged eight million tons nett during the years 1890 to 
1894. 

The Suez Canal has been a great financial success. It took 
several years to develop the traffic, but it paid such high 
dividends that a reduction of tolls has been made and pilotage 
dues are not now charged. 

Before the canal was constructed the '* Edinburgh Review *' 
stated the canal was '' utterly impracticable." The ^* Quarterly 
Review" said it was ** commercially unsound." The result, 
however, remains that it has been successfully constructed ; it 
has tended greatly to advance the trade of the world, and more 
particularly that of the British Empire, and, although the 
Capital of the Company has been increased to twenty millions 
sterling, the twenty pound shares are now selling at upwards of 
one hundred and twenty pounds each. 

THE MANCHESTER SHIP CANAL. 

The work I now propose to deal with, is one with which my 
name is identified, but I shall ever remember that the successful 
completion of the canal is due to the combined energy of men 
who have given much time aud money to the undertaking, and 
also to the way in which the staff of the Company have worked 
together from first to last. 

The tidal scheme of Mr. Fulton was abandoned by the pro- 
moters of the canal after my plan of a locked canal was approved 
by Mr. Abernethy. Three severe Parliamentary contests 
followed, when powers were obtained to carry out the work. It 
is worth noting that in the Session of 1888 the Bill passed the 
House of Commons, in 1884 the House of Lords, and in 1885 
the Act was obtained, as it passed both Houses in the same 
Session ; thus the Ship Canal obtained the approval of both 
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Houses of Parliament twice over, during three successive 
Sessions. 

The original scheme was to utilise the tideway of the Mersey 
to Euncorn, from whence a locked canal passed inland to near 
Warrington, and then up the Mersey and Irwell valleys to 
Manchester. The strong opposition of Liverpool to the tidal 
portion of the scheme caused the promoters to adopt a plan by 
which the canal was carried along the Cheshire side of the 
estuary. It was originally proposed to have the canal 20ft. deep 
and 100ft. wide at bottom; this was to reduce cost, but 
experience has already proved the advantage of the increased 
size adopted, 120ft. bottom width and 26ft. depth, without which 
the largest class of vessels could not have used the canal. The 
lock sills are 28ft. below ordinary water level, to allow of dredg- 
ing to that depth if hereafter thought advisable. 

The soil through which the canal was excavated was of a 
most varied character. Hard and soft sandstone rock, boulder 
and other clays, gravel and sand, loam and silt, alternating in 
layers, without any regularity either as to position or depth. It 
is almost always the case to have this difficulty in large river 
valleys, and the rapid changes made it very difficult to estimate 
the slopes required before the work was partly completed and 
the various strata laid open. At Latchford, within a short 
distance in the heavy rock cutting, the rock altogether dis- 
appeared, and was not found by a boring sunk 100ft. below the 
bottom of the canal, although the canal had been cut through 
the rock for a mile, almost close on either side of the boring. 

It has been asked why not have taken the canal through 
higher ground, and so avoid the great difficulty of cutting a 
large canal subject to heavy floods ? I have not, however, yet 
heard how then the supply of water was to be obtained at any 
reasonable cost, or how the railways were to be carried over 
the canal. By utilising the valleys river water is obtained— 
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not of the desired quality, alas ! — and the railways are taken 
over the canal at a much less cost than by any other plan. 

For the first three years, when the late Mr. Walker was 
carrying out the work, no floods of any importance occurred. 
As soon as the Company took possession of the works great 
floods did most serious damage, and caused great delay and cost. 

The question of the materials to be used for the construction 
of the docks and locks was an important one, not only as regards 
strength and cost but with reference to time, and getting the 
materials on the ground. 

Stone was used from many quarries in Cornwall, Wales, 
Yorkshire and Cheshire ; bricks were made on the works, good 
clay having been found. 450,000 bricks per week were 
made at the Thelwall brick yard, and 70,000,000 of bricks were 
used on the works of the canal. By adopting Portland cement 
concrete for the main part of the walls of docks and locks, 
it was possible with the assistance of 230 miles of railway, 
178 locomotives, and 6,300 trucks and wagons to complete the 
work in a reasonable time. 

It was considered that the work might be finished in from 
four to five years, but owing to the unforeseen difficulties and 
delays it took six years to complete the canal. 

For the excavation of the canal nearly 100 steam excavators 
of various types were employed, some of which were constructed 
in France and Germany. 

The rate of excavation varied from f to IJ million cubic 
yards per month. As much as 2,400 cubic yards was 
excavated in ten hours by the German excavators, but their 
average would be less than 2,000 cubic yards. Like the French 
type of excavators they are land dredgers suitable only for soft 
soil. The English excavators have in good soil at times reached 
nearly 2,000 cubic yards per day, but their average in all soils 
would be about 700 cubic yards. They are, however, capable 
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of excavating very hard material, and even rock, when powder 
is used in advance of the excavator. There were 194 steam 
cranes, 182 portable and other steam engines, and 209 steam 
pumps employed on the works, and they consumed about 10,000 
tons of coal per month. 

The deepest cutting was near Buncom where, for a short 
distance, the depth is 66 feet. The largest cutting was at 
Latchford where, for a distance of 1^ miles, the depth averages 
55 feet. 

The slopes of the cuttings vary with the nature of the soil, 
from 1 to 1 to 2 to 1. In the rock cuttings the sides are nearly 
vertical. 

The total amount of excavation in the canal and docks 
amount to about 60,000,000 cubic yards, 10,000,000 cubic yards 
of which is sandstone rock. The spoil from the canal was used 
in filling up the river bends which are cut off by the canal, 
and in raising the low-lying lands near so as to make them 
available for being used for shipbuilding and other purposes. 

The entrance locks at Eastham are three in number, of 
various sizes, viz. : — 

600 feet long by 80 feet wide. 
860 do. 60 do. 

160 do. 80 do. 

and in addition there are two sluices of 20ffc. wide each, for 
assisting to fill the canal, the water level of which will be 
14ft. 2in. above the Old Dock Sill at Liverpool, which is about 
the level of mean high water. 

This group of locks can admit a very large amount of shipping 
every tide, more particularly as on all tides above the ordinary 
level of the canal all the lock gates are open for a considerable 
period before high water. Spring tides rise 6ft. to 7ft. above 
the ordinary level of the tidal portion of the canal, which 
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extends to the next group of locks at Latchford, a distance of 
21 miles. 

The total length of the canal is 35 i miles. From Latchford to 
Manchester (a distance of 14} miles) the canal is filled with the 
waters of the Eivers Mersey, Irwell, Bollin and Glazebrook. The 
canal being designed to take the place of the Rivers Irwell and 
Mersey from Manchester to Latchford, it thus becomes a canalised 
river, continuing to be the main drain for Lancashire and 
Cheshire, large sluices being provided at each set of locks to deal 
with land floods and surplus water. Owing to the sewage of 
Manchester, Salford, and all the other towns on the Rivers Irwell 
and Mersey and their tributaries being allowed to flow into the 
rivers without purification, the state of the water has become 
very bad. Salford has now completed a system of intercepting 
sewers, and is about to purify the sewage at works constructed 
at Mode Wheel. Sewage works are now being constructed by 
Manchester, and as the turning of crude sewage into rivers or 
streams is contrary to the law as well as injurious to health, 
the other towns above Manchester must take immediate steps 
to prevent their sewage polluting the canal. Some of them 
have now got this necessary work in hand. 

In the tidal portion of the canal between Eastham and 
Latchford, 12 miles are inland, and 9 miles on the foreshore 
or bed of the tideway ; on this portion embankments have been 
formed. Where the foundation is rock or clay, they are 
formed of clay hearting protected by heavy stonework. The 
embankments are generally 80ft. wide at the upper surface, with 
outside slopes of 1} to 1, and inside slopes of 1 to 1. At 
Runcorn, where the Mersey is not so wide as lower down the 
river, instead of an embankment a concrete wall is constructed. 

In addition to the locks and sluices at Eastham to allow of 
the flow of the tide into and out of the estuary portion of the 
canal, when the tide rises above the ordinary water level, three 
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weirs, each 600ft. long, are oonstructed in the embankments. 
In the embankment opposite the River Weaver, 10 large slnices, 
each 30ft. wide, have been baiit to allow of the passage of the 
Weaver water out of the canal. These sluices are also used 
for tidal flow. They are on Stoney's patent, working on a 
movable frame of rollers, and being balanced, they work with 
great ease, only requiring slight power to lift them. 

The Biver Weaver embankment pens the water up that river 
to Frodsham, a distance of three miles from the canal, thus 
forming a large sheet of water available, after dredging, as a 
dock, for vessels of any size. This large dock is joined to the 
Weaver Navigation by a lock 229ft. long by 42ft. wide, which 
admits the salt trade of Cheshire to the Ship Oanal. Large 
locks are built in the embankments at Weston Point and 
Buncom, to allow coasters and barges to enter and leave the 
canal to and from the docks at those points. 

The shipping at Ellesmere Port uses the canal and locks to 
Eastham, this arrangement having been made to avoid the 
construction of a lock in the embankment at Ellesmere Port as 
originally proposed. 

At Ellesmere Port there is an embankment faced with stone, 
one mile long, across an embankment of the estuary. On each 
side of the foot of this embankment close timber piling is 
driven, consisting of pine piles 18 to 14ins. square and 85ft. 
long. Over 18,000 of these piles have been driven through 
sand without any trouble, by the use of the water-jet principle. 
Four steam-pumps were used, which delivered the water at a 
pressure of about 801bs. per square inch through 2in. india- 
rubber pipes to the pile, where it was attached to a l^in. 
wrought iron pipe which was put down under water pressure 
alongside the pile. With this assistance the steam pile engines 
quickly drove the pile, which without the disturbance caused by 
the water-jets in the sand could not be driven. 
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It was at Ellesmere Port where so much difficulty was found 
in dosing the opening through which the trade of the Port had 
been carried on during the construction of the canal. 

It was first attempted to be done in one tide, between low 
and high water, but although a great force of men and a large 
number of previously loaded wagons of stone and earth were 
used, a failure resulted through a locomotive getting off the 
line and blocking the work at a critical time. By using staging 
and bringing up the dam in horizontal layers during several 
tides the work was successfully accomplished. 

The estuary embankments have now stood the tests of several 
years, with some unusually heavy gales. They are in as perfect 
condition as when first made, but stronger, as the clay and 
earth are now thoroughly consolidated. 

The canal is excavated throughout its whole length to a 
minimum width of 120ft. at the bottom, and averages 172ft. 
wide at water level The upper portion, from Barton to Man- 
chester, is 170ft. wide at the bottom, and 230ft. at water level. 
At the various locks the canal is widened out considerably] and 
will admit of vessels turning, if necessary. The width adopted 
enables large steamers to pass each other at any part of 
the canal, and when works are built on the sides of the canal 
for manufacturing purposes, the canal will be widened out to 
allow of shipping lying alongside wharves without interfering 
with the passage of vessels up and down the canal. 

At Latchford the locks are two in number, the larger being 
600ft. long by 65ft. wide, and the smaller 850ft. long by 45ft. 
wide. At Irlam, 7^ miles above Latchford, similar locks are 
constructed as well as at Barton, two miles above Irlam, and 
at Mode Wheel, 8^ miles from Barton. These last-named locks 
form the entrance to the Manchester docks, which extend If 
miles above Mode Wheel. 
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The total rise from the ordinary water level of the caned at 
Eastham to the docks at Manchester is 60ft. Gin. This rise 
divided between the four sets of locks gives an average rise of 
about 15ft. l^in. 

All the lock gates are constructed of green-heart, a very hard 
wood imported from Demerara, which has been found by 
experience to be exceedingly durable. Being of wood, they are 
less liable to damage than those made of iron, being less easily 
damaged by ships striking them. 

The gates are worked by hydraulic power provided at each 
set of locks, the engines and machinery having been constructed 
by Messrs. Sir W. G. Armstrong, Mitchell, & Co. 

To let off flood and other spare water, sluices on Stoney's 
patent are provided, similar in size and design to the sluices 
erected at the mouth of the Biver Weaver. There are four 
of these sluices erected by the side of the locks at Mode Wheel 
and Barton, and five at Irlam. At Latchford, only three are 
required, as the flood waters of the Mersey also flow down the 
river channel through Warrington from the point above Latch- 
ford, where the canal leaves the river, taking an independent 
course inland until it enters the Mersey again at Euncorn. 

Near Warrington where the railway lines of the London and 
North-western and Great Western railways cross the canal, they 
are raised by the construction of high level deviation railways 
(about H miles long on each side of the canal) so as to allow of 
shipping passing under the railway bridges. 

The railways between Warrington and Stockport, and the 
Cheshire Lines Railways near Irlam have similar deviation 
railways at a high level. The total length of railway deviations 
constructed is 11^ miles. 

The railway viaducts over the canal are in most cases con- 
siderably on the skew, and the clear spans of the openings vary 
from 266ft. to ISTft., these large spans being necessary to 
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enable the fall navigable width of 120ft. being maintained for 
the canal under the bridges. 

There are two high level road bridges and six swing road 
bridges between Buncom and Barton ; the span of these bridges 
is in all cases not less than 120fb. The minimum headway 
under the high level railway and road bridges is 75 feet. 

The swing bridges are worked by hydraulic power, as well as 
the movable aqueduct, which will enable vessels with fixed 
masts to pass through the Bridgewater Canal at Barton. This 
work has two openings of 90ft. each, which are crossed by a 
long iron caisson resting on a central pier. The caisson is 
filled with water to the same depth as the Bridgewater Canal, 
and boats pass along it over the Ship Canal. When vessels on 
the Ship Canal have masts too high to pass under the caisson 
it is opened like a swing bridge, the water being retained in 
the caisson by gates at either end. Similar gates are used at 
either end of the aqueduct leading to the movable caisson to 
maintain the water in the Bridgewater Canal. 

The docks at Manchester have an area of water space of 114 
acres, the area of quay space being 152 acres. The length of 
quays is 5 J miles. At Partington the canal is widened out to 
allow steamers to lie on either side, and branch railways are 
constructed with hydraulic coal tips to enable either Lancashire 
or Yorkshire coal to be expeditiously loaded into shipping. 

Great credit is due to Messrs. Handyside & Co., of Derby, for 
the satisfactory way in which they carried out the work of the 
Barton Swing Aqueduct, which was a difficult work, requiring 
great accuracy in its various gates. All the hydraulic machinery 
supplied by Messrs. Sir W. G. Armstrong, Mitchell k Co., 
including 7i miles of pipes working at a pressure of TOOlbs. to 
the inch, has proved fully equal to its work, and has sustained 
their well-known reputation. 
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When I read a paper on the Ship Canal before the Fourth 
International Oongress of Inland Navigation, held at Manchester 
in 1890, 1 stated many of the facts relating to the canal named 
in this address. I said steamers would be able to navigate 
day or night, using the electric light. This has proved to 
be correct, even where vessels have not on board the electric 
light, which is provided as fixed light at the docks and locks. 
I, however, named ten hours as the time steamers would 
require to traverse the canal ; the result is, that time is seldom 
taken, the passage generally averaging seven to eight hours, 
passenger steamers even taking considerably less time. Messrs. 
Bums* steamers working between Manchester and Glasgow, 
have averaged on 236 passages niade during the year 1894, only 
6 hours 88 minutes — 117 passages were made at night. 

Most of the members of our Association are Mechanical 
Engineers, and for details of the machinery employed on the 
Ship Canal I must refer them to a paper I read before the 
Institute of Mechanical Engineers, at their meeting at Liverpool 
in July, 1891. Time will only allow me to repeat some remarks 
I made at the close of the meeting, which are equally applicable 
on the present occasion. 

'< Years ago, before I had the honour of being elected a Member 
of this Institution, I little thought that in days to come I should 
have to depend so much upon mechanical appliances in carrying 
out a ^reat work like the Ship Canal. It was interesting to me 
as a civil engineer to notice how, in the very commencement of 
this great work of constraction, as well as in carrying it out 
afterwards, it was necessary to have recourse so largely to 
mechanical engineering. The Ship Canal, if it had had to depend 
upon manual labour, would never have been carried out. The 
mere loss of interest on capital during construction was so great 
that everything possible had to be done to push the work forward 
in the most rapid manner. The difficulties encountered were the 
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very things which it was the engineer's triumph to surmount. 
Upon this great work every man who. had offered himself had 
been employed ; from 16,000 to 17,000 was the largest number 
ever engaged, but more could have been employed if they had 
been forthcoming. Therefore, it could not be said in this case 
that the employment of such a great quantity of machinery 
had in any way interfered with labour : in fact, but for the 
machinery, there would have been no employment of labour, 
because the work could not have been carried out in any reason- 
able time or at any reasonable cost." 

If time allowed I would like to have said something with 
regard to the modern steam ships and marine engines. The 
universal adoption of compound engines, enables steamers to 
convey goods or minerals at a rate below that which is charged 
by any other system over long distances. 

Between the years 1856 and 1872 I carried out large works 
for the improvement of the Weaver Navigation, with the results 
that steamers were introduced for carrying purposes, also 
towing large barges behind them, making up a total weight of 
700 tons of salt and upwards. The railways cannot successfully 
compete for this traffic between Winsford, North wich and 
Liverpool ; the whole is carried down the Weaver Navigation. 

When engineer of t^e Bridge water Canal, the Company 
employed several hundred horses for haulage purposes. It was 
not possible to ensure regularity in the working of the trade, 
and the expense was heavy. 

I had been told that steam tugs had been tried and failed 
owing to the canal being too shallow, and not of sufficient width. 
The Directors agreed that a tug should be tried, and I designed 
one with a locomotive boiler and one horizontal cylinder engine, 
speed being got up by using ordinary gearing. I was satisfied 
for canal work, when tugs have to work day and night, that this 
system was preferable to direct-acting engines working at high 
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speed, which was necessary owing to the small diameter of the 
screw. 

The first tug was a complete success, and twenty-four more 
were constructed without any alteration. The result was the 
cost of haulage was reduced over 40 per cent. 

I can see no reason why Lancashire, so famed for its machine 
shops, its boiler makers, and its artizans, cannot establish on 
the banks of the Ship Canal works which should be able to 
compete with other districts for shipbuilding. 

Much has been said and written with regard to the estimates 
of the canal, and as usual in such cases the strongest statements 
have been made by those who were least acquainted with the 
facts. 

The original capital of the Company was £10,000,000. The 
Parliamentary estimate for works and land was i67/292,972 ; to 
this must be added £1,780,000, the cost of the Bridgewater 
Canal and Mersey and Irwell Navigations, including conveyan- 
cing and additional works. The balance had to meet the cost of 
obtaining the Act (which was very heavy after several years* 
contests), cost of raising the Capital and the payment of Interest 
during portion of the construction. 

The works were let to responsible contractors well within the 
Parliamentary Estimate of 1886, but, most unfortunately, the 
plans had to be approved by numerous public bodies and 
companies who were affected by them. Alterations of the most 
serious character had to be carried out involving great additional 
expense, some of which were entirely unnecessary as events 
have since proved. Great improvements were made in enlarging 
the area of the docks and putting in locks at Mode Wheel, 
additional Parliamentary powers being obtained in 1888. 
Large three- story transit sheds have been constructed at the 
docks, and many other works have been ordered that were not in 
the original plans. It is not necessary for me to enter into details, 
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as Lord Egerton, the Chairman of the Oompany, went fully into 
these questions at the half-yearly meetings of the shareholders. 
Large quantities of land have been purchased in excess of the 
land estimate, which is a valuable asset if not immediately 
available. Owing to the unfortunate death of the contractor, 
Mr. Walker, the Company took over the contracts and the 
plant, involving a sum of £860,000 that had been advanced 
upon it, and which by the contract would have been deducted 
from the payments to the contractor if he had completed the 
work. 

The contractor had no floods during the period he was 
working, but the Company had to bear the loss of several floods 
of the most .serious character. The cost of repairing damages 
to works and plant, pumping out water and heavy delay to the 
work was very large. 

The last step was to re-let the works to other contractors, and 
it is obvious that to complete a work under such circumstances 
enhanced prices had to be paid. 

If the original plans could have been adhered to, as they 
would have been if outsiders had not had so much control of 
them, and Mr. Walker had lived to complete his contract, the 
result to the Company would have been very different. The 
delay caused by his death entailed the payment of additional 
interest to the Debenture holders. 

The works in the estuary, and indeed at all points, involved 
considerable contingencies, and there can be no doubt that the 
ordinary amount of 10 per cent which was added to the estimate 
for contingencies has proved to be too small, but no engineer 
could have contemplated that his plans would be so altered, or 
that the contractor, after doing the part of the work that was 
most easy, would unfortunately pass away leaving such a legacy 
of trouble behind him. 
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Still the canal is completed ; the results of the first year has 
been to prove its efficient working, and I have not lost my faith 
in its future. 

Eome was not built in a day, and it cannot reasonably be 
expected that, amid the severe competition that has to be 
encountered, even the energetic management that is now dealing 
with traffic matters can all at once force from hostile or luke- 
warm traders the business which must ultimately come to the 
canal, because no large waterway leading to a great manufac- 
turing district can fail ultimately to obtain the traffic which is 
due to the advantages it can offer. 



VOTE OF THANKS. 



Mr. Thomas Daniels (ex- President) said that, as the retiring 
President, the pleasant duty fell to him of proposing ** That the 
"best thanks of the members be given to Sir Leader Williams for 
**his interesting address." Their President, he continued, had 
spoken on a subject which was of infinite importance to all 
Lancashire men. He was sure that the Manchester merchants 
ought to be pleased that such a gigantic waterway had been 
constructed, inasmuch as the reduction in freights would be of 
immense advantage to them. He had always had in his mind 
the City of Glasgow, and he certainly envied Glasgow of their 
splendid waterway. A Mr. Deas (Engineer, Clyde Navigation) 
had written a valuable work on the Clyde, and he earnestly 
wished that our local papers would reproduce it. By so doing, 
Manchester people would see that the Glasgow citizens had them- 
selves made the Clyde navigable, and had not waited for any other 
company to undertake that task. Li 1859 the revenue of the Clyde 
was £90,816. 17s. 7d., and in 1892 it was £369,226. 6s. 6d., and 
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the expenditure was in the latter year £828,972. 2s. 7d., leaving 
a surplus revenue of £40,254. 8s. lOd., so that they could see 
what an enormous development had taken place between 1859 
and 1892. If the Manchester Ship Canal had been made in 
the ** fifties,** they could hardly conceive the number of industries 
which would have been drawn to its banks. From Manchester 
to Warrington there would have been a continuous line of mills 
and workshops, the advantage to Manchester of which would 
have been immeasurable. The canal had not been made to 
injure railways, but rather to benefit them. If Manchester 
people built immense machinery, guns, or boilers, without a 
waterway, it was impossible to transport them. In Glasgow 
they could put machinery on board for 2s. 9d. per ton, whereas 
Manchester had to pay 9s. per ton to deliver at Liverpool. This 
latter fact, together with that of the workmen's wages here being 
4s. per week more on the average, readily accounted for the 
difficulty in competing for work with the Scotchmen. 

Mr. Thomas Ashbuby (past President) had great pleasure in 
seconding the resolution. He had been reminded that it was 
just 14 years since their then President (Mr. E. T. Bellhouse), 
in his inaugural address, said : '' I run the risk of being 
accused of descending from the sublime to the ridiculous, when 
I name that the old idea of a ship canal from Liverpool to 
Manchester is being revived. There is a great variety of 
opinion on this subject of strong local interest, as there was, no 
doubt, when it was first proposed to make Glasgow into a great 
port."* And now, since those few words were uttered, the 
great scheme has been matured and practically perfected. And 
he was pleased that, they had as their President that evening, 
the engineering constructor of that great work, and that he 
could emphatically assure them of its great success and future 



* Transactions, 1881. 
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prosperity. Many people thought that it should have been 
constructed earlier, but it should be borne in mind that if 
that had been done, it undoubtedly would have been made of 
smaller dimensions, whilst apparently now it was large enough 
for generations to come. 

The motion was carried with acclamation . 

The PREsmENT acknowledged the vote of thanks, and said it 
was a great satisfaction to him to know that, after twelve 
month's working, there was no possible doubt as to the canal 
being an engineering success. 



THE ECONOMICAL LIGHTING OF PUBLIC 
ANT) PRIVATE BUILDINGS, WORKSHOPS, &c. 



BEAD SATXTBDAT, 80ir IfABOH, 1895, 

BT 

Mr. J. WEST, M.Inst.C.E., 

(past PBEBIDBNT of the ASSOC.) 
MANCHESTER. 



On Saturday, March 80th, Mr. John West,. ex-President of 
the Gas Institute, and past-President of the Association, read 
the above paper. The usual meeting room of the Association 
being lighted by electricity, and all the gas pipes having been 
removed, it was considered necessary on this occasion to meet in 
another place, in order to enable Mr. West to illustrate his paper 
with experiments. The meeting was accordingly held in a large 
class-room on the ground floor of the Central Board School, 
Deansgate. The room was brilliantly lighted by gas. From 
the roof there depended three clusters of incandescent lights, 
each consisting of six burners, and two powerful lights on the 
regenerator principle. In the case of each of the three lights a 
reflector was used, with results which were eminently satis- 
factory. On the table on the platform from which the address 
was delivered, there were displayed types of the London argand 
burner— -including the latest of the kind, one made specially 
for the Preston Gas Company — Sugg and Bray burners of the 
most approved kinds, an incandescent lamp with globe, an 
illuminating-power meter, a bar photometer, and numerous 
other objects of interest. 
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Mr. T. Daniels presided in the absence of the president, Sir 
Leader Williams, through indisposition. 

The Chaibman remarked that Mr. Joseph Nasmith, in the 
paper he recently read before the Association on Prepayment 
Meters, said it looked as if gas were going to die hard, but really 
the display they saw around them that night seemed to indicate 
that it was not going to die at all — it looked as if gas were as 
full of light and fire as ever. If any one knew anything about 
gas, it was Mr. West, whom he had pleasure in calling upon 
to address them. 

Mr. West said : 

At the request of our Council I have prepared a paper on 
*' The Economical Lighting of Public and Private Buildings, 
Workshops, &c." 

It is well known by the faculty that although the use of gas 
has become general on account of its purity and cheapness for 
lighting and heating purposes, yet there are but few that use 
the most efficient and economical means for obtaining the 
maximum amount of light contained in the gas. Knowing that 
there is a great loss of money to the community generally through 
the use of defective appliances, and that the best mode of con- 
suming gas for obtaining efficiently and economically its highest 
amount of illuminating power is, as yet (by many) very 
imperfectly understood, I think we shall be carrying out the 
object of this Association, if we investigate the cause of this loss 
of illuminating power, and explain the best known principles 
to regulate and develop the most light from a given 
quantity of gas, by which means pecuniary and other advantages 
may be derived. Gas is produced of different qualities through- 
out the United Kingdom, varying in illuminating power from 
12 to 28 candles. In a large number of the provinces in England 
it ranges from 12 to 16 candles, London 16 candles, and in 
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Manchester and other gas works nearer the oannel fields it 
ranges from 15 to 20 candles, and in Scotland where they are 
close to the cannel seams it is made in some cases as high as 
28 candles. 

It may naturally be asked how is the relative power of these 
artificial lights determined? This is done by the use of the 
science of Photometry, by the well-known law of optics that the 
intensity of a light diminishes in proportion to the square of 
the distance from the source of illumination ; and the standards 
of comparison are sperm candles as defined by an Act of Parha- 
ment, which states that the gas supplied to any town shall in 
most cases be tested with an Argand Burner which, when con- 
suming five cubic feet of gas per hour shall give a light equal to 
12 or more sperm candles, six of which weigh one pound and 
burning at the rate of 120 grains per hour. I have been fortu- 
nate enough to borrow an old photometer, which will give you 
an idea of how these experiments are carried out. At one end 
you have the standard burner and at the other the candles, and 
between the two lights you see a Bunsen screen or disc of paper 
greased over part of its surface, so as to render it unequally trans- 
lucent; this disc is very carefully moved backwards and forward 
until both sides are equally illuminated, the distance being then 
measured and squared. The gas is at the same time most 
accurately measured by a meter similar to the one upon the 
table, the candles are carefully weighed, the temperature and 
barometrical pressure also being attended to. By the use of these 
means (if the operators thoroughly understand their work) ac- 
curate results are obtained. There are no less than 22 stations 
in and around London alone where experts are daily testing the 
illuminating power and purity of the gas, so as to ascertain if the 
gas companies are delivering to the consumers gas of the quality 
prescribed in their Acts of Parliament, and, if not, they are fined 
for not doing so. I have a return here for a week during the 



28 LIOHTINa OF BUILDINOS, WOfiKSHOPS, BTO. 

month of January last, in which the mean illuminating power 
during this week at each of these stations is above the statutory 
requirements. 

We will now endeavour to show with the apparatus at our 
disposal the different ways gas is consumed, and we will com- 
mence first with the fish-tail or batswing burners that we have 
fixed upon the Meter, and I now want you to observe that with 
one and the same quality of gas we are using there is a great 
difference in the illuminating power ; in the one, you see 
splendid yellow bands which give forth innumerable rays of 
light, and in the other, these luminous bands are not so visible, 
and you will naturally ask what is the cause of the difference in 
these flames. This is a chemical question, and before I com- 
mence my remarks upon Gas Burners it is advisable for me to 
explain in a simple way the phenomena of combustion. This 
consists practically of the separation of the elements which 
form the compound bodies we call gas, and the rearrangement 
into other compounds totally different from their original con- 
stitution. The simplest form of flame is that of a burning 
candle, and if we consider what occurs when it is burning we 
shall find in the first place that the tallow or 'wax is melted by 
the heat and rises up the wick by the beautiful law of capillary 
attraction ; when it gets to the centre of the flame the increased 
heat turns it from a liquid into a gas which is a hydro-carbon, 
consisting of carbon and hydrogen, in a state of chemical union. 
If we were to separate this hydro- carbon into its constituents 
by any means we should find that the hydrogen would remain 
as a gas, but the carbon would assume a solid form such 
as soot, lampblack, charcoal, &o. The blue in the interior of 
this candle is an indication that this part of the flame is in a 
gaseous state, and if my hand is as steady as it ought to be I 
shall later on be able to prove this by extracting some of this 
gas with the tube I have in my hand and light it at the other end. 
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About 18 years ago, for the purpose of comparison, I obtained 
a large number of burners that were being used by the ordinary 
consumers in this city and tested them against several new 
burners that were obtainable, and found that the loss of illu- 
minating power by the use of the old burners amounted in most 
cases to over 80 per cent., and I fear from observations I 
frequently make that, for want of knowledge in many oases, 
this loss is still going on. 

In the distillation of coal for the production of gas there are 
more than iifty different chemical compounds known to be formed, 
and probably many more to be discovered. By the various 
processes of purification, most of these are left behind at the 
gas-works, and practically there are about nine different com- 
pound substances existing in the gas before you. These may, 
for our present purposes, be classed broadly into two divisions 
— viz. , the light giving and the heat giving portions. Measuring 
the gas by volume, the light-giving constituents form a very small 
percentage of the whole bulk, the principal of which is made up 
of hydrogen — by itself a gas of intense heating power, but 
containing no illuminants. The next principal proportion of 
the bulk is a compound of carbon and hydrogen, familiarly 
known to us as the marsh-damp of coal mines. This compound 
is the poorest in carbon of any of the combinations of carbon 
and hydrogen ; but, having a little carbon, there may be said to 
be a very slight luminosity in the flame, though not enough for 
any practical purpose. The two substances may be said broadly 
to form more than 80 per cent, of the bulk of the gas, the 
remaining portions being made up of compounds of carbon and 
hydrogen — very rich in carbon, to which the illuminating power 
of the gas is due — and of various diluents in small proportions. 

These light-giving compounds, commonly spoken of both as 
the oleflant series and the hydrocarbon series, consist entirely 
of carbon and hydrogen in a state of chemical union. Both 
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these elementary bodies have an affinity for oxygen. There is, 
however, a greater affinity between oxygen and hydrogen than 
between carbon aiid oxygen, so that under certain circumstances 
it is possible to make the carbon portion of the compound visible 
to the eye. This may be done by limiting the air supply to a 
flame, as I did with the Argand burner, so that there was not 
enough oxygen in the air supplied to satisfy both requirements ; 
consequently, from the greater affinity between oxygen and 
hydrogen, the hydrogen was severed first, but the carbon, not 
having the opportunity of combining with oxygen, passes off in 
a visible smoke, which ultimately settles as a very finely divided 
powder. You will notice also that with this incomplete com- 
bustion the luminosity of the flame is greatly diminished. 
Another means by which we can, so to speak, condense the 
carbon into a solid visible form, is by introducing into the flame 
a chill, such as a cold plate of iron, when we shall soon see the 
surface of the plate covered with a film of black carbon particles. 
Assuming, however, for our purposes, that fairly complete 
combustion does take place, the following principal chemical 
changes occur : — The hydrogen and carbon combine distinctly 
and separately with the oxygen of the air, producing heat, 
which is a characteristic of combination into which oxygen 
enters. The hydrogen combines readily with the oxygen of the 
air, and with it forms watery vapour. The hydrogen having 
chemically separated from the carbon, the latter is practically 
forsaken in a minute solid form, in which state it is ultimately 
carried by the current of issuing gas to the outside edges of the 
flame, where, it being also able to reach oxygen, it combines 
with the same to form carbonic acid. Before joining in this last 
stage, however, these particles of carbon, being subjected to the 
intense heat produced by the vigorous combination going on 
between the hydrogen and the oxygen, are changed to white and 
yellow ; and it is to the existence of the great multitude of these 
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infinitely small particles of carbon, raised to a great heat, that 
are due the brilliant bands of yellow we notice in our luminous 
flames. The important part heat plays in promoting the 
luminosity of gas flames is well exemplified in the extraordinary 
power of improved burners like those of Messrs. Siemens Bros., 
Sugg, Wenham, Bray and others. 

No doubt most of you are aware that Gas is sent from the 
Gas Works at varying pressures to meet the diflierent altitudes 
in the district to be supplied, and this is the reason why the 
pressure varies on the consumer's premises. It was formerly 
the universal practice to allow gas to pass at full pressure to the 
point of ignition, depending upon the pressure for the spreading 
of the flame ; and at one time so little was known on this subject 
that contracts were made for public lighting, stipulating that the 
flame should measure a given number of inches across. We 
are now aware that this practice was decidedly wrong, and that 
it is necessary to thicken the flame, and regulate the pressure 
and air supply, in order to get the maximum amount of light 
contained in the gas. This principle has been worked out in 
the modem burners, all of which are made with steatite, 
adamas, porcelain, or other earthenware tips, and have the 
means, in a greater or less degree, of regulating the flow of gas 
to the point of ignition. 

If air is forced into a flame it destroys its light-giving pro- 
perties, so, on the other hand, if gas is forced boisterously into 
the atmosphere you have the like results. It is the different 
ways in which the gas issues from the various burners which 
cause the difference in the amount of light. In one case, we 
have burners which require more pressure to force the gas 
through the small orifices ; in the other case, the gas streams 
forth gently into the air, and quietly draws to itself the neces- 
sary amount of oxygen. In the latter condition we get the 
most light from the gas. In the standard Argand burner the 
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gas is allowed to issue from a number of small holes at a very 
low pressure, and the current and quantity of the air are 
regulated by the use of the chimney. If the supply of air is nofe 
sufficient to combine with the quantity of gas issuing from the 
burner, the oxygen combines with the hydrogen and such of 
the carbon as it is equal to. In this case the remaining 
particles of carbon leave the upper part of the flame in the 
form of smoke, and it is proved that all burners give their 
maximum amount of light relatively to the quantity of gas con- 
sumed when the flame is just on the point of smoking. 

As regards flat-flame burners, the draught or inflow of air 
upon the flame depends greatly upon the velocity at which the 
gas issues from the burner ; in fact, it is the chief regulator of 
the air supply. Every flame, by its heat, produces an upward 
current which draws into its sides the surrounding atmosphere ; 
and the greater the draught made by the flame, the more air is 
drawn into it, the result being that there is an excess of oxygen 
which quickly destroys the solid particles of carbon in the gas, 
instead of allowing them, as in the Argand and proper burners, 
to remain in a state of suspension for a short time. 

Mr.. Sugg, who has kindly lent me most of this apparatus, and 
to' whom the public are much indebted, was the first to produce 
in this country an Argand burner constructed upon scientific 
principles. He had for years been working in this direction 
with Dr. Letheby and others, and finally produced his No. 1 
Argand, which gave an increase in illuminating power of about 
two candles over the old Argand. This burner is almost 
universally adopted as the standard burner, and has been used 
in most of the .official testing stations in England ever since its 
introduction. He has effected still further improvements in 
this class of burner, and has likewise very much improved the 
batswiag burners, which he now makes of steatite with hollow 
tops, at the same time cutting the slits with a circular saw. 
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which very materially improves the shape of the flame. He 
also provides a projecting ring round them, to prevent the 
upward current of the air impinging direct upon the flame. 
And Mr. Sugg, knowing, from his experience in connection with 
puhlio lighting, the great advantage of governors, began to add 
governors with flexible diaphragms to his burners used for 
domestic purposes. Except for large burners, these large 
governors were objectionable ; but I find it has been met by the 
adoption of the small metal regulator of the type intoduced into 
this country, chiefly for public lighting, by Mr. Borradaile ; and 
with these beautiful instruments a steady light is maintained, 
practically the same amoimt of gas being consumed under vary- 
ing pressures. The Christiania and other burners, as you will 
see, are very handsomely got up in a variety of beautiful designs 
and patterns, and are of the very best workmanship. 

Having briefly explained some of the laws and rules necessary 
to be observed in the economical consumption of gas, we will 
now endeavour to demonstrate with the Apparatus at our 
disposal, and show the difference between the old and defective 
burners and those of more modem construction. 

On this Meter we have burners attached and by the obser- 
vation of one minute you can ascertain the quantity of gas they 
will consume per hour. We find that the consumption of a 
No. 5 fish-tail burner without any obstruction or regulator 
attached to it (so that any variation in the mains will affect it), 
varies from 8 cubic feet to 6*5 cubic feet per hour ; at the present 
time it is consuming at the rate of 5 cubic feet per hour, and gives 
a light only equal to about 12 sperm Candles, and if we increase the 
pressure I can pass more gas through it without materially 
increasing the illuminating power. These burners have holes 
pierced at the top at right angles. The streams of gas issuing 
through each of these orifices impinge one against the other 
and produce the shape of the flame. You will note that the 
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interior of the flame is very blue compared with the batswing 
burner attached to the same meter, which flame is thicker and 
more brilliant and is producing a light with the same consump- 
tion of gas equal to about 20 Candles with the gas we are now 
using. In the one case the gas is driven boisterously upwards 
and more air is drawn into it, which prevents the particles of 
carbon being sufficiently heated so as to develop the light it 
contains, while the gas issuing from the other burners is 
regulated so that the particles of carbon remain in a state of 
suspension for a short time until they get into a high state of 
incandescence, hence the increase in the illuminating power. 

This Meter shows a similar arrangement, and aatomatically 
shows the difference in the illuminating power of the gas by 
using different burners. 

This instrument, which is called ''Sugg's Illuminating Power 
Meter," has been designed by the inventor principally for the 
purpose of assisting engineers in the examination of coal and 
other substances suitable for gas-making. It is intended to test 
the illuminating quality of all gases under similar circum- 
stances, and to show the relative value of these gases. 

We now come to the Eegenerator kind of burners of Messrs. 
Siemens, Sugg, Wenham and others. In their arrangement 
both the air and gas are very highly heated before combustion, 
the result being that a better light can be obtained with from 
half to one-third the quantity of gas. according to the size and 
kind of burners used, than can be obtained from the ordinary 
burners. 

This small lamp that I am using consumes about 8ft. of gas 
per hour and gives a light equal to 20 Candles, and the larger 
lamps that you see in the building give considerably more light 
per foot of gas used than the smaller lamps. These burners 
with shades are used with great advantage for private residences 
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fixed near the ceiling for the oomhined object of giving Ught 
and for ventilating the rooms. 

INCANDESCENT GAS LIGHTING. 

We now come to that form of the incandescent method of 
gas lighting invented by Dr. Carl Auer von Welsbach ; by this 
system the gas flame is utilized as a heating instead of a 
lighting medium. The gas is supplied through a special form 
of atmospheric or Bunsen burner. The flame thus produced is 
non-illuminant, the object being to raise to a high state of 
incandescence, the hood or mantle which is suspended over the 
flame, and which we are told is made from certain minerals 
found in the higher northern latitudes. 

The makers of these burners say that their most recent 
mantles for use with what they call their C size gas burners 
give a light of from 18 to 20 candle power per foot of gas con- 
sumed, and that they give this light for 1,200 hours without 
diminution. They also claim that these incandescent C gas 
burners will give three times more light with half the gas than 
an Argand Burner. 

Having been asked especially to advise you as to the lighting 
of engineering workshops, I decided to make some experi- 
ments with these burners in one of our turning and fitting 
shops. This shop is 142 feet long, with galleries all round, 
with a 10 ton travelling crane running from end to end of the 
same, and for lighting the same it is necessary that the burners 
should be above the top of the travelling crane, which is 28 
feet from the floor. Until recently it was lighted with four gas 
lights with enamelled reflectors, having eight No. 5 burners in 
each, partially upon the regenerator principle, and these burners 
certainly lighted up the centre of the shop, so that we could see 
to handle things satisfactorily with the crane, but did not give 
sufiicient light for erecting purposes. 
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We then obtained some of the Inoandesoent Gras Burners 
and fitted six of them in a cluster as close as we could place 
them and put reflectors over them 4ft. diameter, as shewn on 
the section on the wall. We have three of these clusters 
instead of four as formerly, and the light produced has been 
most gratifying, and we can now do erecting in the centre of 
the shop without the aid of any other auxiliary lights. We have 
carefully tested both the old and new burners as to the quantity 
of gas consumed and the illuminating power, and I herewith 
append the results {see pages 36 and 37), from which you 
will see that in future we shall only use about half the quantity 
of gas and get more than double the light. 

They also claim for these incandescent burners that you can 
get the same light with them from 15 to 16 candle gas as you 
can from 20 candle gas, and I have some proof of this. This 
being the case the question might be asked. Why make 20 
candle power gas where 15 will answer the purpose ? My answer 
to this will be that when the incandescent burners become general, 
it would be wise for the legislature to reduce the standard, and so 
enable gas companies and corporations to dispense with cannel 
and other enrichers, and sell gas at a cheaper rate to the consumers. 
This system of lighting is very much used on the Continent, 
and is to be seen in use at all the railway stations from the 
Dutch frontier to Berlin. It is also making rapid strides 
in London and other places, both for public and private lighting. 

We have 16 of these new burners in our drawing office, being 
one to each draughtsman, and others in our general office, and 
we find that the hygienic advantages are very great, and by 
having suitable shades like the one produced, you reflect a very 
soft and beautiful light upon the drawing board, and I learn 
that our draughtsmen and clerks very much appreciate this new 
system of lighting. 



LIGHTING OF BlTIIiDIMGS, W0BK8H0P8, BTO. 89 

If any of our members would like to see our arrangement of 
lighting at any time we shall be pleased to see them during 
lighting hours at our works. 

The cost of this system of hghting is very small indeed when 
compared against electric lighting, as the following calculations 
will show: — 

Incandescent Electric lighting. 

A 16 candle power lamp in use, 1,000 hours, will 

absorb 60 units of electricity at 6d. per s. d. 
Board of Trade unit.. 80 

Incandescent Gas lighting. 

An Incandescent Burner consuming three cubic 
feet of gas per hour or 8,000 cubic feet in 
1,000 hours, and giving a light equal to 
60 candles or fully three times that of the 
electric light will cost : — 
With gas at Manchester @ 2s. 8d. per 1000. « 6 9 
With gas at Maidstone @ 2s. 4d. „ ,, =70 
With gas at Plymouth @ Is. 9d. „ ,, =58 

As to the general arrangements for lighting public and 
private buildings I advise that in all cases of general lighting 
you should hang or fix your chandeliers or pendants in the 
centre of the building or room, as a great amount of light is 
absorbed on the walls when brackets are used. In private 
houses, where the number of burners in use fluctuates very 
materially, I recommend the attachment of regulators to each 
burner, and these are now so numerous and cheap that they are 
within the reach of every consumer. 

For large works and factories where, as a rule, the whole of 
the shops or rooms are Hghted simultaneously, a large governor 
fixed at the outlet of the meter is an advantage, but where the 
workshops or rooms are very large and at varying levels it is 
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advisable to have a governor fixed on each floor as shewn on 
the drawing before you. By these means yon can regulate the 
supply of gas to the burners to a very considerable extent, but 
to make the light more perfect it is necessary that you should 
use burners with checks inside them or, what is far better, a 
small governor to each burner, similar to those before you. 

These burners are similiar to those now used on the public 
lamps, and here it might be well to point out the very great 
improvements that have been brought about by the use of 
suitable burners and proper regulators. 

When I first came to Manchester 14 years ago the inferior 
type of burners without regulators were in use, and by order of 
the Gas Committee I tested a large number of these burners 
when it was found that a very large proportion of them were 
only giving half the light contained in the gas, and from that 
time governors were introduced and universally employed. 
We now find that in the large Bray and Waddington's lamps 
with the larger burners we get more light than we obtained from 
the standard Argand burner — this being on account of burning 
it in large volumes, which assists in heating the air around 
the flame, and the particles of carbon are in consequence heated 
to a higher state of incandescence. I have been told that since 
the introduction of high power burners, that, taken as a whole, 
Manchester has become the best lighted city in Europe, and for 
myself, I may say that I have not seen anything to surpass it. 

In conclusion, I hope that I have shewn that the pecuniary 
and other advantages to be derived when gas is properly con- 
sumed are very great, and that what I have laid before you 
may be of advantage to you individually, and that you will 
carry out the object of this Association by imparting the infor- 
mation you have received to the community generally, and then 
the writer of this paper will feel that he has been doubly repaid 
for the trouble he has taken. 
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DISCUSSION. 



The Chaibman (Mr. Thomas Daniels, ex-President) remarked 
that he thought Mr. West had demonstrated very clearly that 
the advocates of gas lighting had for a long time heen hiding 
their light under a hushel. He felt sure that, if they had known 
as much of the possibilities of gas as many of them now knew, 
they would not have thought so highly of the electric light. He 
hoped there would be a good discussion. As they had very 
good gas at Bury, perhaps Mr. Webb would say something. 

Mr. Henbt Webb said he was very sorry the Chairman had 
asked him to speak, as it was a subject he did not understand, 
and therefore could not open the discussion ; but he would with 
the kind permission of Mr. West, ask some questions. He noticed 
in the paper that different towns used gas varying very much in 
illuminating power, namely, from 12 to 28 candles. Would 
Mr. West please say which, in his opinion, was the best and 
most economical ? He, Mr. Webb, had always understood that 
a low candle power if properly burned was the best and cheapest. 
Sugg's Christiana burners had been referred to, and the 
speaker had had these to every jet in his house for several 
years with success. Would Mr. West say if the diaphram 
of the regulator should be cleaned, and how often ? With 
regard to incandescent burners, was a pilot light required 
to each burner ? Also, what had been the author's experience 
of the life of the hoods or mantles ? Further, it would be 
interesting to know if the draught and vibration made by 
the traveUing crane had any effect on these lights? His 
(Mr. Webb's) experience of incandescent lights had been very 
unsatisfactory ; the mantles had required renewing every month, 
which was costly. He attributed this to the contraction and 
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expansion in oooling and re-lighting. They did not seem to fit 
the burner ; currents of air impinged unequally, henoe short 
life. They required very great care in renewing, and could not 
be left to any ordinary labourer, or in the house to the average 
domestic servant. In his case the agent had always put them 
on, but they were not satisfactory. 

Mr. W. H. S. Gbndall said he had had an incandescent gas 
light in his office for the past twelve months, and it appeared 
to be as good now as when first put in. For office work, or for 
any place where a good light was required, it was unequalled. 

Mr. Joseph Nasmith said it seemed to him that this question 

was resolving itself very rapidly into a question of some type of 

improved gas burner of the Stott-Thorp type, or, failing that, of 

the electric light. Because, although the incandescent hght was 

unmistakeably a beautiful light, he thought there was also no 

doubt that, like all brilliant lights, such, for instance, as the arc 

electric light, it had the defect of leaving dark corners. In that 

room, for instance, if they were out of the ambit of the light, 

they did not get a diffusion which was at all satisfactory. He 

had tried the incandescent light personally for office work, and 

his experience was similar to the first speaker. He found 

that the hoods drew away at the bottom, and that there was a 

considerable loss of power in the light after a few weeks' 

work. He might mention that he went into the question as 

regards school lighting, and he came to the conclusion that if 

any system of gas lighting was adopted, it must be one which 

was less intense and in which the light was better diffused. In 

his opinion that was the secret of the whole question. It was 

not so much the fact of obtaining a brilliant light as that of a 

light which would carry and diffuse itself. Some of them would 

probably remember the experiments which Professor Tyndal 

carried out as to the relative power of electricity and oil, and 
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while it was admitted that the intensity of the eleotrio light was 
very much better than the oil lamps, it was found that the 
carrying power of the oil lamps, more especially in foggy 
weather, was much greater than the power of the electric lamps. 
In a like manner, he contended that a lamp of the Stott- 
Thorp type, which was substantially a regenerative burner, 
without all the inconvenience attaching to the form of regenera- 
tive lamps which they saw in those present was far more 
likely, failing the electric light, to give good results than 
any burner of the incandescent type. To that conclusion he 
had arrived, although he personally had a decided penchant 
for the incandescent light. Therefore, it seemed to him 
that they were tied down to some of their old friends, and 
that they would not be able to have the incandescent light 
except for very small rooms, such as the drawing office, where 
the light was thrown directly over the boards. He found 
that writing by an oil lamp was much less trying to the eyes 
than writing by an incandescent lamp. On the point of 
diffusibility, he might illustrate what he meant by a reference 
to the Ship Canal, in the construction of which both the electric 
light and the Wells light were used. In the one case, there was 
a brilliant white light, and in the other a yellow flare, and he 
thought it would be admitted that the latter was unmistakeably 
the better for diffusion, and it had the merit also that it did not 
cast shadows. Applying that analogy to internal lighting, the 
Ught which diffused itself would prove most satisfactory. He did 
not think it would be wise for gas managers to anchor them- 
selves firmly to the incandescent light, but rather that it would be 
better for them to see that there was vast room for improvement, 
and to make efforts in that direction. What he had been saying 
was borne out by the experience of the electric light It was 
universally admitted that if a really well-diffused light was 
required in a room by electricity, the incandescent lamp must be 
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adopted, as with the arc lamp shadows resulted. Personally, he 
did not think gas was going to stand its ground in competition 
with the electric light. Where a hrilliant illumination was wanted 
there were many more things to he taken into consideration than 
mere first cost. Another point which he thought rather told 
against the comparative tahle which Mr. West had submitted, re 
the incandescent light, was that he had not taken into account the 
large cost of maintenance which almost invariably accompanied 
the incandescent light, in the mantles and chimneys, &c. In the 
cases referred to by Mr. West, he should be glad to know if there 
were any of the shadows thrown already referred to. But, 
regardless altogether of the question of cost, it would be found 
that if they could supply a brilliant light like the electric light, 
people would adopt it. 

Mr. E. G. GoNSTANTiME expressed surprise that none of the 
electrical members of the Association should have accepted the 
challenge Mr. West had given them on the question of cost. 
He did not agree with Mr. Nasmith that people would take a 
brilliant light irrespective of cost. He thought the greater cost 
must always militate against the electric light supplanting gas, 
except where the lighting was on a considerable scale. With re- 
gard to the Welsbach light, he certainly thought from Mr. West's 
remarks that the fortunes of that light were made, but the 
perishing of the mantles appeared to be an important addition 
to the cost of maintenance. At the same time, if they could 
obtain at such a small cost, as compared with the ordinary gas 
burner, the advantages indicated by Mr. West, it would be 
obviously to the advantage of everybody to adopt the Welsbach 
light, if it could be done minus the heavy maintenance cost. 
As to the diffusion of the light, he thought that depended very 
largely on the form and material of the reflector. If the reflector 
was of proper material, sufficiently large, and placed at a suit- 
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able angle, the difficulty as to diffusion would be met to a great 
extent. 

Mr. Samuel Dixon said if they really could get a good 
illuminating power from a poorer gas, they would be able to 
solve one of the great social questions. If such a thing could 
be done they would be able to supply it cheaply to manufac- 
turers, and thus dispense with those wretched long chimneys, 
which made our public buildings so grimy. It would be sur- 
prising to those present to learn, after Mr. West's description of 
the fine burners, that the common burners sold just as well 
to-day as ever they did for the past fifty years. Twenty years 
ago it was thought that such, burners were going out, but his 
firm still made them by the thousand gross, and they were sent 
to all parts of the world, particularly America. They were used 
more in connection with gas stoves, heating arragements, &c. 

Mr. John Sohofield observed that he quite agreed with the 
remarks made regarding the incandescent light. He had had 
some experience with them, and found that the mantles caused 
considerable trouble. Certainly they did not last more than a 
month, and, generally speaking, he did not think the incandes- 
cent light was one that could be put in the hands of an ordinary 
workman. As regards its supposed greater hygienity, he could 
not think it was any more healthy in a living-room than l^e 
ordinary gas burner. It might produce less impure air, or dis- 
tribute less carbon, but that was not the worst part of the gases 
so far as the persons in the ^ room were concerned. In his 
opinion, in order to light any ordinary room, or workshop room, 
an intense light was not necessarily required. For calico print- 
ing, and works where fancy goods had to be dealt with, the 
colour of the incandescent light would not do ; for general works 
there they wanted not so much a brilliant light as a light 
distributed over the whole surface of the place. He thought the 
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word distribution was a misleading term regarding lighting, 
and that the word penetration was more appropriate. He was 
certainly of opinion that the light from an incandescent burner 
was not nearly so well diffused nor so penetrating as that from 
an ordinary Bray burner. 

Mr. R. J. H. Sayebs said that since Christmas they had had 
a number of the incandescent lights in the drawing office, and 
up to the present time it had been unnecessary to renew any of 
the mantles. It might be stated that the first few mantles that 
were tried before Christmas got damaged through the breaking 
of the chimney-glasses, but this difficulty had been overcome by 
the introduction of mica chimneys .supplied by the Incandescent 
Company, and they gave every satisfaction where ordinary care 
was exercised. When the drawing office was lighted by 
ordinary argand burners, the heat evolved caused the office 
to be very oppressive to the draughtsmen, and it became almost 
unbearable when heavy fogs lasted the whole day, notwithstand- 
ing the effect of ventilators fitted to every window. The 
incandescent burner had made a great difference to the comfort 
of the draughtsmen, and was a great improvement for this 
reason alone, apart from the better illumination. 

Mr. F. W. Beed said he had had one of the incandescent gas 
burners working for about four months, for say six hours per 
day, for reading and writing purposes. A pink-tinted chimney 
and globe were used, which did away with the irritating rays 
referred to. During the time the burners had been working he 
had not had any trouble with the mantle. It seemed to be in 
good order, and he hoped to have another four months work out 
of it. 

Mr. E. J. Duff thought the Welsbach light was a great 
improvement on the old burner. 
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Mr. Alfbed Saxon said the great objection to gas was its 
want of cleanliness. There was no doabt that the ceilings and 
everything about a house got dirtier with gas than with the 
electric light. But Mr. West's paper certainly seemed to 
indicate that there was abundant room for economy in the use 
of gas. 

On the motion of Mr. T. Ashbu&t, seconded by the Ghaibican, 
a cordial vote of thanks was passed by acclamation to Mr. West 
for his interesting paper. 

Mr. West, in reply to the various remarks, said the question 
put by Mr. Webb as to the most suitable gas to supply to the 
public was a difficult one. The reason a higher quality of gas 
was supplied in Scotland was that there was an abundance of 
cannel near at hand ; but his own view was that the people of 
Scotland would be much better served with gas of a much 
poorer quality. Glasgow, Edinburgh, and other Scottish cities 
were the worst-lighted cities in the country. The gas was too 
good for them to burn in small quantities efficiently and 
economically. Most of the public lamps were allowed to 
consume only 2 or 2^ cubic feet of gas, whereas in England, 
with 16-candle gas, 6 cubic feet were allowed, or double 
the quantity. The 2^ cubic feet of cannel gas as it issued 
from the burner was so thin that the particles of carbon from 
which the light was derived passed away imperfectly consumed. 
He feared there were more smoky ceilings in Scotland than in 
England. But, from one point of view, black ceilings were 
really a credit to gas managers, because the nearer you got the 
gas to the point of smoking as it was being consumed, the better 
was the light. For commercial purposes he thought 15 to 
16-candle gas was the best, and if the incandescent burners 
should come to be adopted universally, it would, no doubt, be of 
advantage to use a poorer gas, for with the incandescent burners 
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as much light could be got out of 15 as out of 20-candle gas. As 
to the current of air caused by a travelling crane affecting the 
incandescent lights, there was a little vibration, but he thought 
it did not affect the light in any way. Previous to the introduc- 
tion of the incandescent lights into the workshop of his firm, 
the shop was lighted with the Stott- Thorp burners, of which 
Mr. Nasmith spoke so highly ; they had four clusters of them 
in the shop, and they could just see to pick up things, and to 
get about fairly well. Those four clusters were, in November 
last, displaced by three clusters of incandescent lamps, and the 
reflector was placed at such an angle as to prevent shadows 
coming along the centre of the shop, although, of course, with 
reflectors you would have shadows in the comers. What they 
wanted was a light to erect by in the centre of the shop, and they 
had secured it for half the money they were previously paying, 
besides getting four times the light ; there could be no question 
about this fact. He had been asked whether they had any pilot 
lights. They had not. Only four of the mantles had been broken 
during the four or five months the new lamps had been in use, 
and he believed that the breakages all took place during the 
first two or three days. After Mn. Jenkins, his manager, had 
given instructions as to how the lamps were to be handled, 
there was no trouble on that score. He might say on that 
point that the agents for the lamp at Plymouth made it a con- 
dition that they should put the burners and mantles on them- 
selves, in order that the character of the burner might not be 
jeopardised by inefficient adjustment. With proper care the 
destruction of the mantles, made as they now were, need not 
be a very great item, and in his comparative figures he had 
made no allowance for it, because he thought the cost of the 
renewal of the electric lamps would probably counterbalance it. 
There was, no doubt, a great deal in what had been said on the 
question of diffusion, and he would not like to say that the 
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incandescent gas burner diffused the light as well as the argand 
burner— in fact he did not think it did. He had simply tested 
the incandescent light for its illuminating power. Mr. Nasmith 
spoke of the effect of the light on the eyes, but that difficulty 
might be overcome by the use of suitable globes. In their 
drawing offices, which were formerly lighted with argand 
burners, they found that the light was much better, and that 
the atmosphere was cooler than it was before. As to the 
hygienic advantages, it stood to reason that if less gas was 
consumed there would be less oxygen used up, and consequently 
there would be so much less carbonic acid. As to gas versus 
electricity, he had made many statements on the question of 
cost, now and on previous occasions, and not one of them had 
been answered. He invited any electrician present to come to 
the bar of justice— in other words, to the bar photometer. 
Was there any electrician present who would say that an electric 
lamp that they called 16 candles gave a light equal to that of 
the 16-candle argand burner before him ? Formerly, the elec- 
tricians used to say that one of their lamps gave a light of 
8-oandle power, and then, without rhyme or reason, they 
declared that the same lamp was a 16-candle lamp. He thanked 
them for their attention to his remarks, and would feel amply 
rewarded if anything he had said led to a fuller appreciation of 
the possibilities of gas as an illuminant. 

The meeting then closed. 
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In considering the industrial requirements of the present day, 
amongst other essential features, there is nothing of more 
importance in our various manufacturing concerns than the 
vital question of the transmission of power. 

Competition is now so keen in our varied industries and 
markets that manufacturers can ill afford to ignore any means 
whereby the cost of their productions can be reduced to a still 
lower limit, which will enable them to further maintain a 
position in the market with a reasonable chance of a profitable 
return. 

In arranging new premises for the carrying on of any industry, 
it is comparatively easy to carry out whatever modifications 
and improvements experience may suggest, the designer then 
having a clear field for the play of his ideas. But, in the re- 
organizing of old systems, the designer has not this advantage, 
because the sites being pitched beforehand, conditions most 
unfavourable at times bar the way to the application of the 
most approved methods and ideas, and the designer is put fairly 
on his merits to evolve something like a satisfactory result from 
his efforts and the materials at his disposal. 

Experience, of course, is the great factor in this as in most 
Olher matters, and in designing buildings for industrial and 
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manufacturing purposes at the present day, it is oftener a 
question of judicious remodelling of works already in existence, 
than one of commencing on an entirely new site ; therefore, 
whatever conduces to the general improvement and a better 
arrangement on economical lines, of methods hitherto commonly 
in vogue in our industrial systems, should be welcomed by all 
who are concerned in these matters, and this is our apology for 
introducing the subject of this paper here this evening. 

Mechanical power is now obtained and distributed in a variety 
of ways. In days gone by wind-mills and water-wheels were 
the two main servitors that were utilised and pressed into the 
service of man to furnish him with necessary motive power. 
Later on, came the turbine which to this day has no more 
economical compeer in the production of motive power where 
the necessary conditions are available for its use. Needless to 
say, it was in former times almost invariably the chief considera- 
tion, that of an abundant water supply, which determined the 
site on which a factory should be situated. It is even yet a 
main consideration, but not so indispensable a one owing to the 
advantage derived from the use of efficient pumps, artesian 
wells, &c., and also, as will be seen later on, by the facility with 
which pumping operations may be conducted from a distance. 

It was reserved for the steam engine, however, and an 
apparently unlimited supply of coal, to give that fillip to com- 
mercial enterprise which has transformed the world from a 
comfortable jogging pace into the almost unbearable strain of an 
artificial and unnatural race for existence, luxury and wealth. 

Additional prime movers have since appeared in the shape of 
gas and oil engines, &c., but they all, without exception, require 
considerable auxiliaries for the transmission and distribution of 
their energies to the innumerable variety of needs and duties 
throughout the factories and workshops where they are 
employed. 
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We are thns brought &ce to face with this subject of trans- 
mission of power, and we hope to show the importance of it, and 
the attention of which it is deserving, as we proceed further. 

Engines and boilers may be up-to-date and doing well, and the 
power generated being obtained with all due considerations of 
economy ; the machinery may all be first-rate, and the best of 
the kind obtainable ; and yet the transmitting mechanism may, 
owing to various causes, and principally, perhaps, to its often 
necessarily complex ramifications, be absorbing a very large 
amount of the power given off by the prime mover. When we 
consider how small a margin there often is between a profit and 
loss account in working, we can easily see how the exercise of a 
Uttle more economy in only this one direction may suffice to 
turn the scale and make the otherwise adverse balance a favour- 
able one. 

The principal methods of transmitting power until quite 
recently were by means of shafting, wheel-gear, belting, and 
ropes. These were generally considered to be, and justly so, 
the best means of distribution according as individual ideas, or 
circumstances necessitated the adoption of one or other of these 
methods in order to bring the available power directly into use 
on the machinery as desired. 

Undoubtedly these methods have served their day and genera- 
tion faithfully and well in the past, and even at the present time, 
no doubt, in some cases must continue to do so ; yet, when we 
take into account the many objectionable features more or less 
unavoidably connected with these systems, one cannot wonder 
that the day may come, and in the opinion of many has come, 
when even these, good servants, as they have proved themselves, 
must yield place to a more active, direct, and efficient servitor, 
to minister to the wants of ever pressing needs and relentless 
demands. 

Economy is the watchword, and Friction is the foe. 
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In transmitting power through shafting, the first considera- 
tions are power and distance, or, in other words, a safficiency of 
strength and by the shortest route. According as the power 
required be great or small, or the distance far or near, so will 
be the section and weight of the shafting employed, and as a 
consequence the first cost and then the maintenance will be 
approximately in proportion. The shafting must then have its 
bearings, the cost and maintenance of which must be considered, 
to which must be added the cost of renewals through wear and 
tear, deficient lubrication, or excessive duty. As it passes from 
one department to another the shafting has to be diverted and 
directed into different ways and courses to suit the convenience 
of the designer or to accommodate itself to whatever conditions 
happen to be met with, and this is where the trouble largely 
increases. In doing this, we have to adopt various methods of 
gearing to suit the new requirements, which means additional 
weight on the bearings. Then the shafting again has to bear 
its complement of couplings and driving pulleys for imparting 
motion to the different machines on its way, to which of course 
must be added the weight of the various belts or ropes used for 
the purposes of distribution. Added to this, is the speed at 
which this dead weight has to be driven, and as, generally 
speaking, the speed increases as the distribution proceeds and 
power is required a further remove from the prime mover, there 
is often a very great amount of vibration and disalignment, 
which may possibly account for that mysterious variation in 
the power required to drive machinery which otherwise seems to 
be practically working under precisely or very similar conditions. 

Gear wheels, by their weight, bad forms of teeth, indifferent 
setting and unskilful proportions, may often impose an un- 
necessary waste of power to drive them. In the very best class 
of toothed gear a considerable amount of power may be lost by 
the conversion of the rolling motion of the teeth into a more or 
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less rubbing one for want of efficient lubrioation ; also, accord- 
ing to the conditions, more or less backlash may take place 
throngh the gear over-running the fly-wheel, causing consider- 
able '' whipping " of the lighter portions of the shafting. 
Another cause affecting the gearing, where the necks or collars 
are unskilfully arranged, is the expansion and contraction of the 
shafts by variations of temperature, and this cause alone, if not 
remedied, will in course of time suffice not only to absorb 
power, but will have the effect of causing very serious dislocation 
in the structure of the building. 

Belting and ropes, besides being so much dead weight of 

themselves, are only effective so long as there is sufficient 
tension or pressure on the surfaces in contact with the drums or 
pulleys to overcome slipping when transmitting power, from 
which cause a heavy initial pressure is put upon the bearings 
to begin with, and which pressure is considerably increased 
when the weight of the working load is added, and more 
especially while the inertia of the mechanism is being overcome 
every time it is started. 

It may be of interest at this point to note the following 
practical experiment, from a paper read by M. Fauquier, before 
a continental Society of Engineers, on the *' Stiffness of Hemp 
Bopes and Leather Belting/' in which he describes an engine 
making 96 revolutions per minute, and transmitting 216 indicated 
H^ by means of, in one case six ropes of 1^^^^ inches diameter, 
and in another case by a double leather belt 19^ inches in 
width. The pulley on the engine shaft was 18 feet in diameter, 
and the one on the counter shaft was Si^ inches in diameter. 
It was found that 11-6 H*, or 5-87 % was lost by cable trans- 
mission, and 7-8 BP, or 8'6 % in transmission by belt. As the 
result in the case of the ropes was considered unsatisfactory, 
the maker of the ropes suggested as a remedy, that larger ropes 
2^ inches in diameter should be used. This being done the 
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result was that instead of the loss of power being 11*6 it rose to 
28*6 H', or 10*8 % ; exactly double what it was before. 

It has been the practice with engines of large power to indicate 
them with all their weight on in the first instance, then indicate 
again with nothing on but the transmitting mechanism, deduct- 
ing the latter from the former, and considering the remainder 
as useful available power. 

As has been remarked previously, adding more weight to the 
load increases the pressure on the bearings and gear, thereby 
causing an increase in the friction of the parts. This is easily 
realized by any one familiar with the sound of wheel gear when 
in motion. The wheels emit a peculiar sound when running 
light, and you know instinctively they are running light ; let 
the weight come on and the sound is totally different ; suppose 
weight to be added until the wheels are overdone, and the horrid 
grind very soon convinces you that something is amiss, and that 
you may prepare for rep&irs at no very distant date. 

From what we have now said it will appear that in consider- 
ing the losses from friction, we must not only deduct the friction 
of the transmitting mechanism when the engine is running 
light, and which is a constant quantity, but we must also take 
account of another quantity, which is necessarily a variable one, 
and that is the additional friction of transmitting mechanism 
when the working load is on. From indications taken on a 
highly efficient system it was found that from an efficiency 
showing 80 % in the ordinary way another 12 to 16 % had to be 
deducted, making the actual efficiency about 67 %, and we have 
no hesitation in saying that efficiencies now showing 60, 70, or 
80% would be found on investigation to be less by from 16 to 
80 % or even more, could the results be obtainable with accuracy. 
But here we are confronted with a difficulty ; these results are 
not easily obtainable with accuracy, more especially in systems 
of large magnitude, and we only know of two means whereby 
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this end can be attained accurately. These are, first, by the 
ase of the dynamometer on each machine or group of machines, 
and second, by temporarily driving the machines separately by 
electric-motor ; the sum of the results, of course, in either case 
giving the total amount of useful power absorbed by the 
machinery, and this result deducted from the total of the 
indications of the engines with everything on will give the total 
power absorbed by the friction of the transmitting mechanism. 
These methods, however, are both exceedingly inconvenient in 
the majority of cases, and costly; two considerations which 
require careful attention nowadays. 

It is almost bewildeiing to struggle through the figures and 
tabulated results of experiments on friction. Like the stars of 
heaven they vary in magnitude and number, and it is with a 
sense of relief that we turn to the plain, unvarnished state- 
ments of a writer like Prof. Perry, who tells us there is a 
general law in machinery, which is that *^ friction is propor- 
tional to load,'* and *^ always tends to resist motion." And 
again, '' the power usefully given out by a machine is a certain 
' fixed fraction of the total power given to the machine, minus 
the power required to drive that machine when it is unloaded." 
Also, speaking of a shaft when transmitting power, he says, 
** experiment shows that the energy lost in friction for a certain 
amount of motion increases proportionately with the energy 
actually transmitted by the shaft." From which it would 
appear that whether we increase the load or increase the speed 
there is a proportionate rise in the loss by friction. 

Prof. Perry also foimd by experiments on the friction of 
machines a law as follows : — Total power = useful power x {x) 
+ power required to drive machine at same speed when 
unloaded, x being a variant in the equation. 

This law is not therefore of universal application, but varies 
with every particular machine, and may be better expressed 
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thus :-7 Total power = a + 6 x useful power, when a and b are 
some numbers. For example, b is about 4 or 6 on a screw- 
jack. It is about 1*02 on a very good hydraulic lift. It is 
about 1*2 in a steam engine, a = unloaded friction. 

Him, in a report on his experiments on friction says '* that 
the power absorbed by cotton machinery can vary from 65 to 
100 £P according to the more or less judicious combinations of 
the frictional parts and to the quality of the lubricating 
material used.** He further considers '* that a possible reduc- 
tion of 86 % on the motive power consumed by an establishment 
gives to the study of the considerations on which this reduction 
is based all the importance of an economical question of the 
first order.*' 

The Institute of Mechanical Engineers, in their expeiiments 
on the friction of shafting, found at the time that ''all the 
common methods of lubrication were so irregular in their action 
that the friction of a bearing often varied considerably.** That 
'' friction was greatest with a new brass, and diminished as the 
brass became worn, so as to fit the journal more perfectly.*' 
Also, that *' the friction depends on the quantity and uniformity 
of distribution of the oil, and may be anything between the oil- 
bath and seizing, according to the perfection or imperfection of 
the lubrication." 

Professor Goodman, in a paper* read before this Association, 
said : ** Out of every ton of fuel consumed for engine purposes, 
some 4001bs. to 8001bs. are wasted in overcoming the friction 
of the working parts of the motor ; and further, every machine 
driven by that motor also wastes a large percentage of the 
remaining power by its own friction. One would not be far 
short of the mark in saying that from 40 to 80 % of the fuel is 
consumed in overcoming friction.** 

Prom the foregoing strictures it will be seen how justifiable 
and well-founded are the considerations, from economical and 
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commercial points of view, wbich incite as to an organized and 
systematic attack on this ** mechanical octopus.'* It will also 
be seen how very difficult a matter it is to determine, with any- 
thing akin to accuracy, the amount of loss sustained in the 
mechanical transmission of power from this one factor of friction 
alone. We have found it in our own experience to vary from 20 
to 70% of the transmitted power, according to the various 
conditions under which the mechanism was employed. 

There are other losses allied to this one of friction, which 
will readily occur to most of you when giving this matter your 
critical attention. 

There is yet another prevalent source of loss in the trans- 
mission of power which we should like to notice before leaving 
this part of our subject, and that is its distribution by means of 
separate engines. For this purpose long lengths of piping are 
required, which convey steam of diminishing pressure as it goes 
along to apparently innumerable steam engines scattered about 
in various places, some perhaps driving their own little comple- 
ment of shafting and gearing, some driving special machinery 
alone, but all of them warming up or cooUng down again 
through the more or less intermittent nature of their employ- 
ment, thereby entailing losses by condensation and radiation, 
and, as a consequence, a very heavy and almost incalculable 
expenditure of coal, to which of course must be added boiler- 
power and its upkeep. 

As bearing on the above, Mr. Richardson, in a recent address 
to the North-East Coast Institute of Engineers and Shipbuilders, 
giving some results of experiments on works of a similar 
character, said : '* The wasteful effect of this system of driving 
is shown by the consumption of steam, which averages 50*91bs. 
per indicated EP per hour, and to this has to be added the 
condensation in the steam pipes, which is 7%, bringing the 
total up to about 56lbs. of steam per indicated IP per hour." 
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Enough has now been said to enable anyone gifted with 
ordinary intellectual faculties to see that there is still ample 
room for economy in one branch at least of mechanical art, and 
yet, strange to say, in the face of evidence such as we have now 
given, one occasionally meets with men who complacently close 
their eyes, ears, and the argument, by the consoling remark 
that '* the subject is not yet ripe enough for consideration." 

The question now before us is, What is the remedy for all this 
waste ? And we answer, Electricity. When we consider the 
enormous saving that must be effected by the use of a medium 
that has all the energy and an exceedingly low percentage of 
loss as compared with mechanical transmissions, we cannot be 
surprised at the rapid progress that this medium is now making 
in our industrial centres. More especially is this the case where 
the motive power is distributed from a central source to various 
more or less widely divergent points of application. As a proof 
of its feasibility, utility, and popularity, we have only to look 
at the ever increasing number of papers, lectures, and technical 
publications, as well as to its continually extending application 
to practical uses, to become convinced that to a very great 
extent, this is the power of the future. 

So far as we are at present able to say the most economical 
method of transmitting power by electricity, is to have a central 
generating station from which wires are led off to other distri- 
buting centres, and from these points the current is led off to 
the various motors which are attached as closely as possible up 
to the point of application of the energy in a machine. Being 
unable as yet to get our energy in a more direct way than by 
means of water, gas, or steam power, our generating station is 
so far nothing more than the usual steam engine and boiler, or 
other motor, with which we are already so familiar. There is 
one great difference, however, not to be lost sight of, and that 
is, in the electrical system we usually couple up direct on to the 
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crank shaft of the engine, whioh enables us to run at a speed 
usually only attained on our second or third motion shafts in 
the ordinary way, whereby we are enabled to use lighter engines 
at much less first cost for the power generated, and also a 
considerable saving in space occupied. 

The advantages of this system become at once manifest when 
we remember what has been said in the earlier part of the paper 
with regard to mechanical transmission. There is a total 
absence of unwieldy shafting, gearing, and fixings, with their 
attendant careful allignment, adjustment and maintenance, and 
in the arrangement of which the engineer is bound to follow 
certain fixed methods and courses, and has not therefore an 
altogether free hand in the matter. And we have in place of 
these, cables and wires which are flexible, practically ever- 
lasting, easily manipulated, and through which there is very 
little appreciable loss in the transmission of energy, occupying 
very little room, costing nothing for maintenance, and whose 
value as a material does not deteriorate with time. 

It is not claimed here for this system that there is no loss 
entailed by its use, because there are certain losses in the 
generating dynamo to begin with, a slight loss through the 
cables, and other losses in the motors at the points of appli- 
cation. These losses are variable, and like the steam engine 
are greater with small powers than with large. A generating 
dynamD approximating in efficiency a good steam engine, and 
very often surpassing it ; a good dynamo giving an efficiency as 
high as 90 %, and at times considerably more. An electric 
system can often be arranged whereby an efficiency of 75 to 80 % 
may be realized, whereas with mechanical transmission the 
same could only be got with an efficiency of 25 to 80%, or 
even less. 

Another great consideration is the regularity of speed of the 
electric motor ; it is not so very dependent on the speed of the 
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engine for this, as it is self-regulating, and has therefore a very 
great advantage in this respect. It may be worked inter- 
mittently much more economically than the steam engine, 
because, the generator being self-regulating as well as the motor, 
when the demand for power ceases the generation ceases, and 
therefore there is no wasteful running of mechanism uselessly. 

The greatest drawback to the use of this medium is its first 
cost, and this unfortunately increases with the magnitude of 
the installation. For the purpose of comparison we have 
assumed that the shafting, gearing and fixings, &c., necessary 
for the mechanical transmission of power will average about £5 
per indicated ff required, not including the engines. The cost 
for electric driving would come out at an average nearer £15 
per indicated H^, not including the engines. This would be for 
moderate powers up to about 600 or 600 ff . For very large 
powers the cost becomes excessive, owing to the multiplicity of 
parts and the necessity of dividing the generation amongst a 
number of machines. 

The simplest method of driving by electric motor is to find 
some convenient place on a shaft, fix the motor on the ground, 
and drive by means of a belt ou to the shaft above. This has 
been adopted very successfully in the case of sheds where there 
are numerous parallel lengths of shafting, such as weaving 
sheds and the like, and answers exceedingly well, when it is 
most convenient for machinery to be driven in groups. When 
it is required to drive individual machines the problem becomes 
more difficult, and it is absolutely necessary that in order to 
obtain the best results, there should be a fusion of mechanical 
and electrical skill, because so much depends on the method of 
application of a motor to the machine for its successful working. 
Badly arranged and improperly formed gearing, jars, sudden 
shocks, and continued vibrations are inimical to good motor 
work at any time, but particularly so where there are inflexible 
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connections, such as rollers with the motors directly coupled 
on to the shaft, or with positiye spur-gear and sudden and 
heayy intermittent loads. It is for the mechanic to say 
whether a friction, or a spur, or a worm, or a direct drive is the 
most suitable for any individual case, and for the electrician 
then to arrange his motor accordingly. In the writer's opinion 
motor builders should make their spindles as short as permissible 
between bearings, and avoid either an overhanging drive or a 
drive with the pulley or pinion next to the armature without 
the intervention of a bearing, and also make the spindle stiffer 
than they usually do, thereby preventing sparking, broken 
connections, &c. 

It is not always advisable to get as close in as possible to the 
machine it is desired to drive. Take the case of a mule for 
instance. The best form of drive is to incorporate the motor 
with the countershaft, and then drive down in the usual way 
with belts. Anyone familiar with the sudden changes and 
variability of the load on the rim shaft will probably see the 
wisdom of this course. In a cardroom it would be best to drive 
the line shaft. In the case of preparing machinery, generally 
speaking it would perhaps be better to drive the machines 
individually. In spinning frames the best plan at present 
would probably be to drive with separate motors at each 
cylinder end, except where there are double cylinders, then one 
would be sufficient for both. Many spinners affect a long, 
sagging drive by belting over ^uide pulleys ; their tastes could 
be accommodated by driving the line shaft electrically. The 
writer has known people advocate the driving of every individual 
spindle by its own motor, and this is probably feasible enough, 
only the spindles, though maintaining a regular high speed, 
would not be all running at a uniform speed, as it is impossible 
to turn out motors in quantity all exactly alike in this respect ; 
it would be something like trying to get a number of clocks to 
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tick together in unison. Still, the experiment is worth trying 
by anyone with money and courage enough. 

Enough has now been said to show the means whereby, in 
the majority, though perhaps not all, of our textile industries, 
a great economy over present methods of using power may be 
effected, and the future alone will disclose to what extent we 
shall have profited by the adoption of this, the latest develop- 
ment in industrial progress. 



ELECTRICITY AS TEE FDTUBE MOTIVE POWER 
IN THE TEXTILE INDUSTRIES. 



BY 



Mr. D. SKIvBY-BIGGE. 



The question of the application of electricity in a practical 

manner to the textile industries is one which no doubt will in 

the very near future receive considerable attention at the hands 

of engineers and machinists generally, but so far comparatively 
little has been attempted or done to develop this branch of 

electric power work. 

The author trusts that the few notes he has the privilege of 
submitting to this meeting of the Manchester Association of 
Engineers may be the means of provoking a thorough discussion 
of the subject, so that in the end all interested may be the 
gainers thereby. 

The first question which will be posed is what advantages 
will accrue from the electric system of driving over existing 
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methods. Mr. Firth has already in the previous part of this 
paper dealt with the mechanical shortcomings in the trans- 
mission of power, so we will now examine the conditions under 
which electricity can be generated and transmitted for the 
purpose of driving a cotton mill. Of course, in those cases 
where large water powers are available, the mill may be driven 
with economy in a manner which has already been successfully 
adopted in America, viz., by means of motors geared, or driving 
by belt on to the various line shafts throughout the mill, 
although the turbine generator itself may be situated many 
miles distant. 

In such cases the most important point to consider is the 
capital expenditure which will be involved in the necessary 
conductors between the generating source and the mill. It is 
of course necessary that this expenditure should be kept as low 
as possible. 

In order to transmit electricity long distances with economy, 
many arrangements have recently been devised. Copper has 
been found as a rule to be the most suitable medium for con- 
ducting purposes, but the section must be kept down on account 
of the cost. The voltage or pressure has therefore to be raised. 
This, with direct or continuous currents has a limit owing to 
the difficulties in construction of dynamos and motors of high 
potential. In a transmission of power plant in South Africa, 
the author believes that 8,000 volts has been adopted for con- 
tinuous current machinery, but he would hardly deem it 
advisable to attempt anything higher than this. With alter- 
nating currents, however, machinery may with safety be con- 
structed up to very high voltages, such as 15,000 or 20,000 volts, 
and in this manner the sectional area of the conducting cables 
can be reduced to a minimum. The potential can be brought 
down at the mill by means of transformers to any desired 
voltage. 
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The application of alternating and polyphase motors has 
found favour and been adopted, especially in Switzerland, and 
also to a certain extent in America, but little has as yet been 
done at home in this direction. At first, difficulties arose in 
getting the motors to start up against heavy loads, but these 
have now been overcome. In a long distance transmission 
plant from a water power to a mill, the methods of transmission 
briefly referred to above should all be examined. A transformer 
and switch room should be built or arranged for at the mill 
from which all the line shaft motors and lighting circuits would 
be controlled. 

Under conditions such as the above, and where a good reliable 
water power exists within a reasonable distance, the method of 
line shaft driving by electric motors will be found to be an 
economical and advantageous one, but in the English mill 
district unutilised water powers of importance are few and f&r 
between, and one will be almost always brought face to face 
with steam power. Now, perhaps, of all places on the face of 
the globe, Lancashire is the one where the greatest attention 
has been paid to steam economy, and the author feels that in 
coming to Lancashire he is verily << bearding the lion in his 
den." 

Owing to the keen competition in the cotton industries, the 
unit of fuel has gradually been brought down to a very low 
point, and it is hard indeed to see how any further improvement 
can be effected with the present methods for transmitting and 
distributing the power. The coal consumptian has been reduced 
from IJlbs. to l|lbs. per indicated H' per hour, and in some 
cases even below this. One must not look therefore to the 
engine for further economy, as we may assume that whether 
in electrical or mechanical transmission the steam efficiency 
of the engine will be the same, but to the means whereby 
at present the power is transmitted and distributed to the 
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machinery in the mill, and also to the mechanical means 
employed in the machinery itself for increasing or reducing 
the speed. 

These are the points to which we may reasonably look for 
farther improvement. 

In this part of the country, gearing, belting, pulleys and 
shafting have been brought to a high state of perfection, and it 
is not by improving on these that the author looks for the 
saving, but by the simple, yet radical change, of abolishing 
them altogether. 

Except in special cases, such as mills which can be driven 
electrically from turbine dynamos, or where mills are driven by 
several steam engines situated in different parts of the mill, the 
system of Une shaft driving will hardly offer sufficient induce- 
ment in the way of saving to authorise the complete remodelling 
of the niill for electric driving ; one must therefore make a fresh 
start, taking the case of an absolutely new mill. 

Most of the gentlemen present, will probably agree with the 
author that a complete absence of all that enormous moving 
mass of belting, main shafting and counter- shafting, with their 
attendant pulleys and gear-wheels, would be the means of 
effecting not only a saving in the initial driving power required, 
but also would greatly minimise the heavy annual upkeep 
throughout the mill. 

The upkeep of an electric power installation throughout a 
mill could certainly be taken as not exceeding 5 % on the capital 
outlay, and judging from the actual sums paid for maintenance 
on a number of power installations, the author thinks that in 
reaUty this ffgure would in practice not exceed 8 %. 

The question next arises as to whether there are any great 
difficulties to prevent us from driving textile machinery elec- 
trically. There is absolutely no difficulty whatsoever which. 
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with an ordinary amount of patience and perseverance, cannot 
be overcome. 

Such machines as carding engines, scutchers, blowers, roving 
and intermediate frames, &c., &c., can all be driven electrically 
by motors embodied as part of the machines themselves, or in 
the case of machinery absorbing very little power and running 
constantly, groups can be formed driven off one motor. 

The most important application in the mill is that of the 
electric motor to the mule, and on account of the great varia- 
tions in power between running up and drawing out, there is 
no application to which electricity is more suitable from an 
economical point of view. On account of the present compli- 
cated construction of the headstock and the great necessity for 
small space, difficulties offer themselves to the introduction of 
the motor into the headstock, and failing a possible modification 
in the actual construction of the mule, owing to the high speed 
of the motor, this could be placed directly above each mule on 
the ceiling, the motor being of the inverted and enclosed type, 
and provided with the necessary arrangements for meeting the 
conditions of the very varying load. 

A friend of the author's (Mr. J. P. Bedsonj, who has recently 
shown great pluck and determination in the erection of his new 
wire mills at Middlesbrough, which are driven throughout by 
electricity, and comprise many novel departures, has often told 
him that had he not his hands full with his own undertaking, 
he would have dearly loved to have tackled a spinning mill, and 
driven it electrically. 

Electric power applications grow on one gradually, and one 
does not see through their economies at first sight. 

Owing to the absence of belting and shafting, the construction 
of the mill might be considerably altered and cheapened, but 
this is more a matter for the architect to decide. 
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Mr. Firth has already alluded to the loaded as against the 
light Motional loss in a mill. This is a most important point 
in considering ihe present efficiency of mill working, and it is 
one of those fine points on which electrical transmission shows 
such superiority over mechanical methods. Through the kind- 
ness of Messrs. Dronsfield & McAllister, Mr. Firth was enabled 
to take a large number of diagrams and tests to determine this 
loaded fnctional loss. 

One thing in connection with electrical transmission is the 
great sensitiveness of the system ; every variation in every 
machine and motor is simultaneously reproduced in the genera- 
ting dynamo, and the most perfect proportion between work 
expended and the horse-power indicated on the engine is 
established. 

The question of the form of generating plant to employ is an 
important one. The author would suggest as power generators 
for mill driving either the type in vogue on the Continent of 
combined Corliss engines and multipolar fly-wheel dynamos, 
running at a speed of say 80 revolutions per minute, or else 
generating plants consisting of direct coupled triple or quadruple 
expansion condensing engines and multipolar dynamos, running 
at 160 revolutions per minute ; the last-named, however, would 
show the highest combined efficiency, probably 85 or 86 %. 

The exact economies to be realised from driving a cotton mill 
electrically cannot be obtained by theorising, and until someone 
comes forward who has sufficient enterprise and faith in the 
possibilities of an electric system to try it in a practical manner, 
either with a whole mill or one or two floors, the question of 
economy, which no one can doubt exists, will remain a matter 
for conjecture instead of an accomplished fact. 

In the allied trades of printing and finishing mills there is a 
great immediate and undeniable application for electric driving. 
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The author had the pleasure of meeting, some time ago, Mr. 
W. Marsden, of Manchester, who happened to be contemplating 
considerable additions to his mill, and after due consideration 
he decided to adopt electricity as the means for driving the 
whole of the machinery contained therein. 

Certain difficulties were at first encountered, as may be 
expected in any new departure, but these were quickly got over 
by the Clayton Foundry Company, who have given great 
attention to this electrical application, and now the whole 
installation of light and power is working most satisfactorily, 
and fully bears out what was expected. 

Every machine is driven by its own independent motor, which 
is provided with starting, stopping, regulating switch and a 
meter, so that the power absorbed by each machine can be seen 
at a glance, and if too much power is taken, the defect is seen 
and remedied at once. 

Amongst other gentlemen in this district who have devoted 
much thought to the electric power question generally, is Mr. 
Joseph Adamson, of Hyde ; the author heard him speak at a 
recent meeting of the North-East Coast Institution of Engineers 
and Shipbuilders, when he gave some interesting figures as to 
tests between electric and rope driven cranes. 

The speeds in cotton spinning machinery are exceedingly 
high, and the electric motor with its high speed should be 
the best of all mediums to adopt for driving this class of 
machinery. 

The object of this paper has been to promote a thorough 
discussion of a subject which the author trusts will prove of 
interest to the members of the Manchester Association of 
Engineers, and in the hope that his object will be attained, he 
will now leave it to those who, unlike himself, have all their 
lives been connected with the textile industries, to raise those 
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points where difficulties will present themselves, for it is only 
by having a complete knowledge of the stumbling blocks which 
will be encountered, and which have to be surmounted, that the 
engineer can hope to see his efforts rewarded by success. 



DISCUSSION. 



Mr. Henby Webb said he did not profess to be practically 
conversant with the electrical transmission of power. With 
the view, however, of initiating the discussion, he ventured to 
express his disappointment at both the papers. Perhaps he 
expected too much, but certainly he expected to find a con- 
siderable amount of detailed practical information as to electric 
driving, and something as to its application to textile industries. 
As far as the first paper was concerned the author did not really 
touch the sjabject ; if it were designated a paper on the loss by 
Friction it would be more appropriate, and besides the figures he 
gave as to friction were not in accord with modern practice. He 
did tell them that the first cost of electrical transmission of power 
would be three times the cost per indicated H^ required, com- 
pared with shafting, gearing, &c. ; also, that shafting could be 
driven by a motor fixed on the ground, and a belt to the shaft, 
also, that the experiment was worth trying of driving every 
spindle by its own motor. If the several shafts were driven by 
motors the only saving woald be the slight friction in the 
rope race, and the extra cost would be prohibitive. As to 
^riving every spindle separately, at present they were a long 
way from this, and the cotton trade could not afford such 
experiments. 

With reference to Mr. Selby Bigge*s communication, he was 
equally disappointed at the paucity of information given respect- 
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ing the subject. Mr. Belby-Bigge was thoroughly conversant 
with the electrical transmission of power, and knew as much or 
more about it than any man this side the English Channel. 
The firm Mr. Selby-Bigge represented had fitted up the largest 
works in Belgium, employing 2,000 hands, using electric power 
only ; and looms were running in Ghent with electric motors. 
He was acquainted also with the best practice on the Continent, 
and some works in England, but gave them no specific infor- 
mation whatever, but only hoped they would have an interesting 
discussion. 

The speaker's difficulty was this: he was very doubtful 
whether existing cotton mills could adopt electric driving with 
any economy; for example, he would put a case for Mr. 
Selby-Bigge to answer. He (the speaker) was connected with a 
modem cotton mill containing 100,000 spindles, half twist half 
weft, spinning American cotton, average Oldham counts. When 
every machine was running with the strap on the loose puUey 
the loss by friction was slightly under 18%. He wanted the 
author to tell them if by electric driving they could obtain 
better results "than that, if so, at what cost ? Lancashire people 
will be slow to adopt it, unless they can see both interest and 
depreciation on the outlay and increased economy; as com- 
mercial success could only follow when the saving in power 
exceeded the loss due to electrical transformation by an amount 
sufficient to justify the capital outlay. 

He quite admitted that electrical power could be adopted in 
many works with economical results, such as ironworks, ship- 
yards, print, dye and bleach works, &c. Mr. Selby-Bigge had 
been very successful in such works on the East Coast, but the 
conditions were very different from a cotton mill. Take ironworks 
for example ; boilers twenty years old, rolling mill engine with 
the jar and shake of reversing brasses, collars, &c,, loose, the 
work must be done in a few seconds irrespective of steam 
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economy ; steam pipe three to four hmidred yards long under 
ground, blowing at every other joint, an inch open pipe at the 
end ostensibly to let off the condensed water, branches to 
various machines for sawing, punching, &c. 

These machines have separate engines, not built for economy 
and not a penny spent on them since they were made, not a 
tap or valve that will shut tight, consequently the engine was 
always running slow, day and night ; if it stopped they might 
not be able to start it again. The electrical engineer came with 
new high pressure boiler, triple expansion engine driving the 
generator, wires to the motors on the sawing machines, &c. ; 
the result, marked economy, and no wonder it should be so! 
But this was a very different thing from the textile industries, 
and he was of opinion that electric driving in this branch of 
industry was still in the future. 

Mr. Joseph Nasmith said that as one who had made a special 
study of the conditions of modem cotton spinning mills, and 
having some knowledge of what had already been done in the 
direction of electric driving, he would like to make a few 
remarks. He coincided with the views expressed by Mr. Webb 
that both the papers, and especially the latter one, would have 
been more acceptable if the authors had favoured them with 
some precise details as to the cost of an electric motor installa- 
tion for some specific mill. It would have been easy enough to 
have done that, because most people know, or at any rate it 
could easily have been ascertained from the cotton machinists, 
what were the number of principal machines in a particular mill. 
Therefore, it could have been ascertained precisely what powers 
would have been required, and from that the whole cost could 
have been calculated. It was quite correct that the electric driving 
of cotton mills had been tried in Switzerland and America. In 
South Carolina there had been several mills started and worked 
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by electrical driving. All these mills, liowever, were situated 
either on the banks, or in the vicinity of running streams, down 
which constantly passed large volumes of water. Turbines were 
put into a house adjoining the river from which cables were 
carried to the mill. It stood to reason that where people, through 
the bounty of nature, had a large volume of water at their com- 
mand which reduced the cost for power, the conditions were more 
than ordinarily favourable. In South Carolina the innovation 
had not been tried long enough for the production of any 
reliable data. His information was that even those who have 
tried the new system in Switzerland were by no means satisfied 
with the result. 

At the bottom of page 57 Mr. Firth referred to some experi- 
ments made by M. Fauquier. In reference to these experiments 
he might tell them that he (Mr. Nasmith) was responsible 
for the translation into English of that particular paper, and he 
might further say that as affording in any sense whatever a 
guide as to what ropes will do, or what power was lost in ropes, 
the paper was absolutely worthless. It dealt only with one set 
of ropes driving one dynamo. They would have to wait for the 
correct febcts till the Northern Society of Engineers of France 
had concluded their investigations on the relative merits of 
ropes and belts. That particular Society had been making tests 
of main drives under different working conditions, so that the 
result of these trials would be extremely valuable. 

On page 60 Mr. Firth had qaoted extracts from Him*s experi- 
ments on friction. Now with reference to the loss of power in 
driving cotton machinery, it must be borne in mind that this 
loss arose from a multitude of things within the machine itself. 
In some cases the spindles bind, in others the bands were too 
tight, while changes in the atmosphere will almost double the 
power required to operate the machine. Under these circum- 



DISCUSSION. 77 

stances no application of an electric motor will save the power 
lost within the machine itself. 

In a spinning mill the question of minute changes in the 
speed is of vital importance. If they had the slightest variation 
in the speed of an engine during the time the mule carriage 
was running out, and drawing and spinning were being 
simultaneously conducted, broken ends resulted. It was not an 
uncommon occurrence for spinners to have a number of broken 
ends simply through the lack of uniformity in the velocity 
of the engine. He should like to know, assuming electric 
motors were applied to every machine, if it could be guaranteed 
that the velocity at which that machine was driven shall 
be absolutely and entirely uniform throughout the whole 
of the period occupied by that operation. That was the 
crucial point, and the one which required the most attention. 
Even in America the bulk of the installations were installations 
of motors placed on the line shaft, so that the whole of one 
room was actuated by one motor. The question arose, supposing 
every machine was driven, have the authors considered what it 
meant. He was aware that suggestions were made to incor- 
porate with each machine a small motor, make it part of the 
machine and let it drive it. A carding engine of the revolving 
flat type takes about *6 H^ to drive it. If a motor had to be 
attached to it the cost would be increased by about 15 %. What 
advantages could be expecterl from that ? The only machines 
in a spinning mill which took any considerable horse-power 
were the mules, and the mule of all machines seems to be the 
one in which the greatest difficulty will be met. The figures 
quoted by the author as to the power absorbed, at different 
periods, by the mule scarcely correspond with those indicated 
on the diagram submitted (Plate 1), which was the line given 
in a dynamometric test of a short mule of 600 spindles, under 
working conditions. It will be seen what a wide variation there 
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was in the power taken at various periods, the range being from 
zero pressare to 2351bs. on the lever of the dynamometer, and 
the highest power being exerted immediately the outward ran 
begins. 

He ventured to think that if the advocates of electric driving 
for spinning mills would, in the first instance, devote their 
attention to the driving of the line shafts by motors, success 
would more probably be attained than if they attempted to 
drive each machine by itself. This was rendered more important 
when it was remembered that the full power on a mule was applied 
at onoe, so that the inertia of the moving parts became an 
important factor in the matter, as tending to give a reserve of 
power which aids in the uniformity of the velocity. Of course 
it was a little consolatory to the members of the Association 
that these electric departures would not eliminate the engine. 

It might not be inappropriate to mention that it was well 
known to those who had made a study of cotton spinning, that 
one of the chief dangers to be feared was the presence of electric 
diffusion, either in the complete machine or air. It was acknow- 
ledged that where this existed the spinning was worse, the 
yarn was weaker, and in fact the product was by no means so 
good as when that electric diffusion was absent. He wanted the 
authors to consider what was likely to be the result to cotton 
spinning if they applied motors to each machine, with the 
consequent magnetisation and effect on the cotton. Gotten 
was one of the worst fibres in the world to spin, and 
nothing was more injurious to it than the generation of elec- 
tricity. Therefore, if this was going to be aggravated, the cotton 
spinner's task would certainly be rendered more difficult. 
These facts certainly required careful consideration, because an 
ordinarily constructed modern mill was largely composed of iron, 
and therefore the more liable to the danger referred to. He 
had spoken pretty strongly for the sake of eliciting a convincing 
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reply. He was conyinced that the period of electrical driving 
of cotton mills were not far distant, on account of the facility 
with which the power could be carried about the mill. At the 
same time the instances given with reference to Mr. Marsden's 
mill were by no means convincing. A gentleman who absorbs 
24 EP to drive a drying machine — ^while affording an admirable 
subject for the work of Mr. Selby-Bigge — ^must either be making 
a large profit or be very, careless. A good millwright could 
have effected a large saving, and drying machines were being 
driven, friction included, at the expenditure of from 6 to 7 W. 
The conditions of a cotton mill were unlike those of any of the 
instances quoted by Mr. Selby-Bigge. Intermittent use of 
power affords an opportunity for saving, while the constant and 
uniform use, as in a cotton mill, did not g^ve the same loss or 
the same chance of saving. Therefore, before the time came to 
apply electrical power to cotton mills, he thought the authors 
would have to give the subject greater consideration, and acquire 
a faller knowledge of the difficulties to be overcome. 

Mr. Joseph Adamson was under the impression that Mr. 
Nasmith thought the authors wanted to unduly rush the question 
of electrical application to textile manufacturers. If Mr. Nasmith 
would take a tour in Switzerland and there observe the preva- 
lence of electric driving, he did not think he would have 
hesitation in recommending' the cotton spinner to adopt the 
electric motor. In the speaker's opinion, no one who had tried 
the new system would revert to the old methods. A blowing 
room or scutching room could not be driven as well in any way 
as by electricity. Personally, the speaker was greatly in favour 
of the adoption of electrical power wherever it was applicable. 

Mr. Alfbed Saxon considered the paper read by Mr. Firth to 
have " overshot the mark.*' He had been attempting to prove 
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that the friction in textile mill driving was a much greater evil 
than it really was, and had nsed language which, to say the 
le\st, was extravagant. He agreed with Mr. Henry Wehb that 
in the case of forges and rolling mills, where there was a great 
amount of waste in steam arising both from friction and also 
from general neglect of valves and joints and wearing parts, the 
application of electricity would be a decided saving. He 
instanced two examples of friction in forge engines ; in one case 
the full load on the engine was 248*8 indicated EP, the friction 
load being 98*8 indicatei H^, or 88*84 % ; in the other case the 
full load was 411*6 indicated H^, the friction load being 148*65 
indicated EP, or 85 %. It was obviouR that the saving in such 
cases as these could be considerable. 

He also wished to supplement Mr. Nasmith's remarks in 
reference to the experiments of rope and leather belting, quoted 
by the author on page 57. The serious defect in this case was 
the small diameter of the pulley on the countershaft, this being 
only 84^in. in diameter, whereas all authorities on rope driving 
agree that the diameter of the pulley should not be less than 
thirty times that of the rope used. In the case of the 1-^in. 
diameter ropes, the pulley should not have been less than 47in. 
diameter. The application of the 2^in. ropes on the 84^in. 
pulley would naturally give a worse result ; the pulley for this 
diameter of rope should have been not less than 65in. diameter. 
The case cited, not being a proportionate job, was worthless as 
an argument as to the amount of power lost in transmission by 
this type of gearing. 

Reference had been made by the author to tho cost of 
maintenance and wear and tear in gearing. The firm of 
which he is a member supplied the whole of the gearing to an 
Oldham cotton mill over fifteen years ago, and during the whole 
of that period there had not been a single replacement, the only 
cost being that of lubrication and attendance, so that in a well- 
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proportioned gearing job the wear and tear was exceedingly 
little. The author was wrong in his assertion that adding more 
weight to the load increased the friction on the parts <' more, 
at any rate, than momentarily." lie, Mr. Saxon, had diagrams 
taken from a large pair of engines in a textile mill which showed 
conclusively that the friction was practically constant under 
different loads, if the diagrams were not taken too soon after 
the changes in the load were made, so that all the bearings and 
parts might have the opportunity of assuming their normal 
condition. 

The amount of friction in a case attested to by the Chief 
Engineer of the Boiler Insurance and Steam Power Go. Limited, 
recently was 20% of the total load. This might be considered 
to be equally divided between the engines and gearing, so that 
if the whole of the friction in the gearing were to be saved by 
the application of electricity it would only be 10 %, the engines 
being required to drive the generating dynamo. 

On page 64 the author referred to the cost of ordinary gearing 
at about £5 per indicated H^. He would take the amounts as 
quoted by him. In a mill of 500 indicated H' the gearing would 
cost £2,500; in an electrically driven mill the cost would be 
£15 per indicated EP, making the cost for 500 indicated H^ to 
be £7,500, or £5,000 more than the ordinary gearing. Interest 
on the additional amount expended at 4 % would be £200 per 
annum, so that they must see what the saving would be by the 
application of electrictity to recoup them for this outlay. He 
would assume, for the sake of argument, that the whole of the 
gearing friction will be saved, viz., 10% on 600 indicated ff 
equal to 50 indicated H^. 

On the authority of the Chief Engineer of the Boiler Insurance 
and Steam Power Co. Limited, he might state that there was a 
triple expansion steam engine working, the calculated cost per 
indicated W per hour of which, with coal at 6/- per ton, was 
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'044d., or 28 indicated H^ nearly for one penny per hour ; this 
would give about 46 indicated EP for twopence per hour. Take 
50 indicated EP at 2^d. per hour for 56 hours to the week ; this 
would give 10s. 6d. per week, or JB27. 6s. per annum. The 
loss then on an electrically driven textile mill, assuming all the 
gearing friction to be saved, would be in interest alone on the 
extra capital invested £172. 14s. per annum. 

In reference to the difficulties of driving the spinning mule 
electrically, as pointed oilt by Mr. Nasmith, they would be very 
great. It seemed only possible to do this successfully in con- 
nection with the driving of the rest of the machinery, which had 
a steadying effect, as it had been found in practice that with 
the preparation machinery of a cotton mill stopped the turning 
of the mules ** only" showed more irregularity. 

He wished the authors success in their endeavour to introduce 
what they considered to be a more economical system of driving, 
and thought the special applications cited by them on a small 
scale to textile machinery would be an encouragement for them 
to persevere. 

The Pbesidbnt (Sir E. Leader Williams) said he thought it 
would be a long time before each mill had a motor for every 
machine. As it was evident that there were still many speakers 
who desired to contribute to the discussion he suggested that 
the further discussion be postponed to the next meeting. 



RESUMED DISCUSSION. 

SATUBDAY, FEBRUARY 28bd, 1896. 



The Chairman (Mr. T. Daniels, ex-President) expressed the 
hope that since the reading of the paper the members had looked 
ap the question, and that many would be in a position to offer 
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a few remarks on the subject. He had pleasure in asking Mr. 
Ashbury to initiate the resumed discussion. 

Mr. Thomas Ashbuby said he had pleasure in continuing the 
discussion, and in doing so he* would like to express his obliga- 
tion to the author, Mr. Selby-Bigge, for the great pleasure he 
afforded the speaker, as well as a few others, during their recent 
visit to Belgium, by conducting them over some of the excellent 
electric installations in that country. There, undoubtedly, was 
to be seen one of the brightest examples of electrically-driven 
machinery probably in the world. It was the National Arms 
Factory, at Herstal, near Liege. In these works, there were 
11 miles of belting, and it employed 2,000 hands, turning out 
250 rifles per day. Judging from the title of the paper, he 
certainly anticipated a considerable amount of detailed informa- 
tion regarding what had been done as to the application of 
electricity to the textile industries. Certainly there was no 
doubt that electricity, to a large extent, could be applied for the 
purposes of driving machinery, as had been evidenced by its 
application to cranes. To specifically refer to the paper, he 
must confess his intense disappointment that the author had 
not placed facts before them so as to base a discussion upon and 
which also were prominently absent in Mr. Firth's paper. In 
reference to Mr. Bigge's paper, he would like to learn something 
of the capital involved and the success achieved respecting 
electrically-driven mills. 

He would like to ask whether any success had attended the 
application of other metals as a conducting medium, such as 
steel or iron. Mr. Bigge referred to the fact that Lancashire 
was noted for its steam economy, and that he was, as it were, 
"bearding the lion in its den." The speaker could only assure 
him that it would be impossible for the author to visit any other 
county where he would receive a heartier welcome, or anybody 
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who would listen more carefully, without prejudice, to any new 
facts than the Manchester Engineers. Regarding this subject, 
however, they regretted he had not told them as much as they 
had a right to expect. At a recent meeting held at Newcastle, 
the President of the North-East Coast of Engineers referred to 
the works at Liege, which were electrically driven, and pointed 
out certain facts which were not refuted by the author who was 
present. He said : '< It has been settled by careful experiment 
that the consumption of steam in a Corliss engine was about 
141bs. per indicated EP, whilst the losses are 10% in engine 
friction, 10% in the dynamo, 2% in the conductor, and 15 % in 
the motor.'' That showed 27% loss for dynamos and con- 
ductors, which was certainly very heavy. 

In a paper* submitted to the Association a little time since, 
Mr. Alfred Saxon referred to at least half-a-dozen instances, 
both of driving by gearing and ropes, in which the average 
friction was from 23 % to 28 %. And the engine losses were 
10 %, 8^ %, and are as low as 6 %. Mr. Webb also stated that 
the total amount of friction throughout a mill at Bury was only 
18 %. Such being the case, the percentage of friction or of loss 
in electrical driving was exceptionally heavy, and he was not 
surprised to read in a report of a meeting at Hartlepool, the 
speaker! say: <' Without wishing to depreciate for a single 
moment the value of electrical motors or electrical transmission, 
he thought it behoved every electrical engineer who had suf- 
ficient engineering knowledge to be careful in guiding his 
customers instead of misleading them. It was absurd to 
suppose as a general fact that all they had to do was to put 
down a dynamo and a motor, and connect it with cables, and 
an economy resulted. He was perfectly convinced that where a 
really high-class Corliss or triple-expansion engine could be put 

* Transactions, 1898. 
t Mr. W. C, Mountain, of NeTroastle. 
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down, and the power transmitted by ropes, direct on to lines of 
shafting, and the shafting was erected in a thoroughly economical 
and perfect manner, that the shafting coald be driven at less 
loss than would exist in a transmission plant where the power 
had first to be turned into electricity, passed through cables, 
and finally turned into power again.'* 

Mr. Bigge, however, informed them that it was hardly Ukely 
that economy could result from electrical application to the 
present mills, and that they must take the case of an absolutely 
new mill. It would have been interesting if the author had 
submitted to them an estimate of the cost of such a mill. The 
cost of the upkeep, it was said, would amount to about 5 % of 
the capital involved. Would that upkeep include the cost of the 
engine ajid all the power required, or simply the electric power? 
Mr. Bigge said on page 10 : '' There is absolutely no 
difficulty which cannot be overcome " ; but Mr. Nasmith had 
pointed out certain points regarding the action of electricity or 
magnetism on the cotton which undoubtedly required careful 
attention. 

The author was of opinion that the various economies could 
not be tested till electrical driving was put into practical form, 
but the speaker thought that there was little in the paper to 
induce any capitalist to put down a new mill on the vague 
statements indicated. 

Mr. G. P< Gass, junr., said that, to his mind, the only good 
results which would accrue from motor driving direct on the shafts 
was that they could have a central station, from which a group 
of mills could be driven. Otherwise till each machine could 
be driven separately he failed to see the value of electric 
motors as applied to cotton mills. In regard to the subject 
under consideration, perhaps it would be better if each con- 
fined himself to asking questions on the business with which 
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he was most intimately oonneoted, which in the speaker's 
case was bleaching, dyeing and printing works. Every speaker 
seemed to think that for these works electrical driving was 
the < very thing.' He thought, however, that there were a lot 
of difficulties in connection with its adoption. For instance, 
the general speed at which dynamos ran was very high; how 
would the authors regulate the degrees of speed between 
the motor and the machines? Again, in a bleach works 
there were a number of machines requiring considerable 
power to start with. Assuming they had a motor large enough 
to generate the power initially required, how would it go on 
afterwards? Further, would the motor stand the enormous 
vibration in some of the machines ? 

Mr. John Tatlob remarked that sectional driving was not a 
new thing in this country. Considering the difference of cost 
between steam power and electrical power he could not antici- 
pate a prompt application of the latter. Oldham, undoubtedly, 
was the place to test the merits of its adoption, but in printing 
and bleaching works the heaviest machines were the heavy 
calenders. These required from fifty to sixty indicated EP to 
turn them, all working intermittently, and how electricity would 
meet that he did not know. 

Mr. Hans Benold said he had some hesitation in contributing 
to the discussion, because electricity was not a branch of 
engineering with which he was in daily contact, but his 
remarks would be simply from an outsider's point of view. In 
the first place, he thought the authors had somewhat mischose 
the title of their paper by endeavouring, as it were, to lead them 
to think that electricity was to be the future motive power in 
cotton mills. He quite concurred with the opinion expressed 
by Mr. Nasmith when he laid such stress upon the influence of 
the electricity on the cotton fibres, and although it might be to 
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a certain extent isolated, he did not think that it conld be 
isolated to such an extent as to prevent it from seriously affecting 
the latter. 

In his own opinion it would be impossible to introduce elec- 
tricity into cotton mills. 

Mr. Nasmith had alluded to some mills in Switzerland. In 
that country there were three mills driven by electricity, but 
they were careful to keep it outside the walls. It was brought 
from a distance and then transmitted in the ordinary way to 
the line shaft. 

Mr. A. Bba, on being requested by the Chairman to say a few 
words, confessed that he was very much disappointed with both 
papers, and quite agreed with previous speakers as to the paucity 
of information contained therein. • It was all very well to make 
general statements and assertions, but a few practical applica- 
tions of electro-motive force would have been much more valuable, 
and to the point at issue, instead of that they were treated 
to an imaginary loss from friction, &c. That the subject was 
well worthy of careful consideration and treatment went without 
saying, and possibly they might yet see our factories driven by 
electricity from a central station, as described in the excellent 
paper read by Mr. Thwaites before this Association some time 
ago*. In the meantime the questions which presented them- 
selves for solution were those put by Mr. Ashbury, namely : -— 
The primary or first cost of an electric installation, partial 
driven, or complete, versus motive transmission by gearing, 
ropes or belts, say for a mill the size given. Second, the cost 
of keeping in repair so many motors, including armatures, 
brushes, &c., &c. ; also the probable loss from cables, switches, 
connections, and so on. He might say that he had put this 
question to some electrical engineers of the first rank, who 



*Tr«D8action8, 1892. 
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replied that the multiplication of motoni was a very serious 
matter, fully corroborating Mr. Nasmith's view as to driving 
lines of shafting and not separate machines, where the exigencies 
were favourable, such as the application of water power, &c., on 
a difficult site. Third, the amount of power required in the 
motors, over the actual, to overcome the inertia of each machine, 
and the effects of sudden strains in relation thereto, where the 
load was irregular, &q. When all these were tabulated he was 
a&aid they were still a long way off Mr. Firth's motor millenium. 

Beference had been made to Mr. J. P. Bedson's courage for 
adopting electric propulsion at his new wire mill at Middles- 
boro*, but, if the speaker's information be correct, the gentleman 
named was not likely to have many imitators, there being 
several drawbacks and difficulties not anticipated, which applied 
specially to driving wire drawing blocks by electro- motive force. 
To that no inference of a favourable nature, at present, could 
be made from this installation, which in any way solved the 
problem of electric propulsion. 

It was much to be regretted that the figures given were not 
more reliable, such as the cost of rope driving, &c., and the loss 
due to friction. However, as the subject had been taken up, 
they might have the pleasure in the near future of hearing some 
other member give his views on this subject. 

Mr. James Saxon was of opinion that the subject was 
well thrashed out at the first meeting, and probably might have 
ended there if it had not been so fascinating. The authors 
hardly deserved the severe remarks which had occasionally been 
made, because it was distinctly admitted by them that they 
could not give conclusive data till something tangible had been 
done in the direction indicated. He felt relieved, however, 
that steam engines would still be required in the future, if only 
in the promotion and generation of electricity. At the same 
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time the authors would have to adduce some praotioal and 
definite beneficial results before any capitalists would venture to 
adopt their ideas, notwithstanding the less amount of friction, 
due to the employment of electricity as a motive power, which 
they had claimed. 

It had been clearly demonstrated that the friction in a well- 
constructed cotton mill was not so great as indicated in the 
papers. And, further, it must be borne in mind that just as 
electrical engineers were improving, so mechanical engineers 
were advancing in that direction, and the friction of machinery 
was becoming more and more minimised. In that respect, 
therefore, Mr. Bigge had a decreasing element to contend 
wiUi. 

Electrical diffusion, again, was undoubtedly a potent factor 
to overcome, but he felt sure that difficulty could be surmounted. 

It was a surprising fact what a really small amount of power 
was required to drive the machinery in a large establishment. 

He was afraid the authors would not make much headway 
with their scheme until they could clearly demonstrate an 
increased economy in its comparison with the ordinary motive 
power for driving textile machinery. 

Mr. OuBEHUGH remarked that he somewhat differed from 
some of the other speakers, inasmuch as he thought the title 
of the paper referred, not only to the cotton industries, but 
also to the allied trades, namely, the dyeing, bleaching, and 
that class of works. In the latter trades there were undoubtedly 
enormous savings to be effected, as in many cases the steam 
engines were practically hot-water engines. He certainly did 
think that the time was yet distant regarding the application of 
electricity to cotton mills. Gotten spinners did know the 
advantage of triple-expansion engines, but, in the allied trades, 
they had not realised the many economies to be gained by 
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progress in the direction indicated. In a large dye works 
he recently visited, there were actually twenty seven separate 
engines and five boilers. He guaranteed to the proprietor 
that by the application of electrical driving, four of the five 
boilers could be dispensed with. Personally, he thought there 
would be no more injurious effect on the cotton fibre in 
mills where electric motors were adopted than there was at 
present where electric lighting had been introduced. 

Mr. E. J. Duff said the papers were of great interest, but 
he thought Mr. Firth's remarks on friction were considerably 
overdrawn. The time was probably far distant when shafting, 
gearing, and belting would be cast away in the manner indicated, 
as indeed these agents were largely used in connection with the 
application of electricity for lighting, heating, and power 
purposes. He had some experience of electric Ughting, and also 
the electric heating of metals, in connection with which most 
satisfactory and even excellent results had been obtained, 
though he could remember, in their infancy, many partial 
failures were experienced. He thought electrical driving would 
also become more perfect and general. He appreciated the 
efforts which the authors had made in bringing the subject 
before them, for the reason that so much prejudice appeared to 
exist in this country in regard to anything new, as compared 
with that existing abroad. With reference to the electric 
plant at Middlesboro', as applied to wire-drawing, he would be 
obliged if the authors would explain where the economy of 
electrical driving came in, as compared with a direct drive from 
the engine shaft, without the intervention of shafting and 
belting, or of electric dynamo wires and motors. He could not 
see the use of losing 10% of power in the dynamo, 2% in the 
wires, and 16 % in the motors, or 27 % of power which could be 
almost wholly avoided by driving direct, saying nothing about 
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such initinl cost of plant, and, after upkeep, of providing such 
a round abont method of transmitting the power. He would 
a]so like to know how the insulations stood the shocks due to 
throwing on and off full load instantly, as required, on such 
wire blocks. 

Mr. Saxon had referred to the efficiency of rolling-mill 
engines, page 80, and as he (the speaker) had experience in 
rolling-mill engines of both very light and very heavy types, he 
had found the friction in an unloaded engine and mill vary from 
26 to 80 % of the power developed in rolling. He could not see 
how this loss of power could be minimised by electric-driving, 
seeing the drive was generally quite direct in modem mills. 

Mr. Daniel Adamson, having been asked to say a few words 
about electric driving, remarked that he came forward with con- 
siderable diffidence, as he felt he was more open to the charge 
that had been brought against the authors and some of the 
previous speakers of not being able to say much about electric 
driving of textile machinery than they were, but, in this he was 
comforted with the feeling that it ought to be ancient history to 
a Lancashire Society to hear anything about what had been 
brought so nearly to perfection here, and that therefore nobody 
could reasonably be expected to come before them and show 
anything fresh on the lines they had been going on so long. 

He, therefore, looked upon Mr. Selby-Bigge*s paper as an 
attempt to divert their thoughts from the present groove, so that 
they might begin to look round and see if they could not get a 
little nearer the perfection they were all striving for by some 
other route. 

The lines he would suggest that this matter be approached on 
was not to look at the small saving, or otherwise, of coal, but 
to ask whether it would not be possible to get more work off a 
given plant by means of electric driving. 
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Saving coal was a very good thing in its place, but Lancashire 
had not been built up on savings. He knew a firm who could 
tell for the last thirty years exactly how much oil, coal, waste, 
&c., had been used per week in each part of their plant, and the 
records looked imposing, but the result had been that they had 
devoted so much time to the saving to be efifected on these 
minor points that their business has decayed. 

If, however, it could be shown that by electric driving they 
could increase the output from a mill by say 80 %, as had been 
done with printing machines in the States, then Mr. Saxon*s 
minute calculations as to the cost of coal per indicated £P per 
hour, and interest on the increased outlay required were swal- 
lowed up. 

His reasons for suggesting that an increased output might be 
expected from electric driven tools were, perhaps, not based on 
very dependable observations, but nevertheless he thought the 
point deserved some attention. 

They were told by spinners of experience that the speed at 
which cotton machinery ran had now reached the limit the 
fibre would stand, and they were also told that cotton mills 
must run with absolute uniformity. Of course both these &cts 
were interdependent if true; but quite unintentionally they 
found out the other day that all mills did not run with the clock- 
like regularity they imagined, and that machines might vary as 
much as 6 to 8 % between morning and afternoon, and as much 
as 8 to 4 % under au hour, and he was credibly informed that 
with a suitable tachometer the revolutions of the engine could be 
counted from the variations of the speeds of the spindles of ring 
frames. All this tended to show that with a reigular speed the 
output under present conditions would be increased, and it was 
just such a regular speed they obtained from an electric motor. 
An electric motor when built for a given speed will turn at that 
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speed within a very small variation under all loads, from nothing 
to fall load, and even if overloaded. 

Another reason why he thought that more output might be 
expected from an electrically driven mill than a mechanically 
driven one, was that if it is found possible to put a motor to every 
machine, it should be possible to run that machine faster than 
at present, because of the easy starting obtained from a motor. 
In this connection he might mention something analogous in 
his own experience. Boiler shops were served by overhead travel- 
ling cranes, and it was found impracticable to run the travelling 
motions of these cranes in their own works when driven by 
ropes beyond a certain speed, on account of the swinging of the 
loads when the crane started. Since they adopted the electric 
cranes the latter run 2^ times the speed of the old ones, without 
any inconvenience to the men, on account of the easier and 
slower starting. 

Mr. Nasmith mentioned the varying friction losses in a 
machine owing to the spindles binding, &c. Now another of 
the beauties of electric driving was that by means of the 
ammeter, which can be attached to any or every motor, it was 
possible to see at a glance the load on a given machine at the 
instant (and not half an hour after, as when indicating an 
engine), and thus if there was anything in the internal arrange- 
ment of the machine that required attention the dial showed it, 
and the same could be quickly traced. 

The same speaker, and others, were rather confused between 
the frictional electricity present in a factory and electricity in 
the form as used for lighting and driving, and although this 
point had been pretty well disposed of by a previous speaker, it 
might be as well to point out that the former was caused in a 
great measure under present arrangements by the friction of 
belts, and of course under the ideal arrangement of a motor to 
each machine this trouble would not arise. 
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Mr. Webb said Lancashire people would be slow to adopt 
anything that did not show on the face of it a saying over 
present conditions, but it seemed to him that if Mr. Selby-Bigge 
had everything cut and dried he would go to cotton spinners 
and not come here, and that things being as they were in a 
sort of half proved state, it would be to our interests to take 
the matter up, and either prove it useless or carry it to a success, 
and not wait until the rest of the world had adopted electric 
driving, in spite of what might be said in that room, as they 
certainly were doing. 

As to the cost of electric power he would refer them to a paper 
by Mr. Alexander Siemens, read before the Northern Institute 
of Mining Engineers, in which he said that for driving their 
Woolwich works the outlay on about 1,200 H^ was about 80% 
less than in case of the old plant it replaced, and the actual 
cost per H^ per hour over six months was under a halfpenny, 
including coal, wages, wear and tear, &c. 

One of the previous speakers had spoken of the novelty of 
electric driving as an objection. This, even if true, could hardly 
be considered fatal, or progress would be very slow. Several 
speakers had mentioned the attention that electric motors might 
possibly call for, but our own experience of them went to show 
that the only attention required was that entailed in oiling the 
bearings and keeping the machines clean, which would, of course, 
be much less than doing the same for the numerous bearings 
about a factory ; that would be done away with. In fact, an 
electric motor, properly made and adapted to its work, required 
less attention than a grindstone in the works, as it had no more 
working parts. 

Sparking has also been mentioned, and although this should 
not occur, even with continuous current motors, yet the risk of 
such happening at all could be done away with by adopting the 
three-phase system of electric power transmission, in which 
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th^re are neither brashes nor commatators on the motors, there 
being absolutely no electric connection between the running 
parts of the motors and the supply, and therefore no place for 
sparking to arise. This system, although not much used in 
England, was finding considerable favour in Switzerland, and 
also in the United States, where cotton mills had been driven 
for nearly the last twelve months on it, and very satisfactorily. 

As to wear and tear, they found it so far to be practically nil ; 
in fact, it only consisted in replacing the brushes as they became 
worn down, and as motors were usually designed to allow this 
to be done readily, it was a very simple and inexpensive opera- 
tion. 

Mr. Bea had opened the question of three-motor travelling 
cranes against one-motor cranes, and he was much obliged to him 
for doing so, because it was something he could speak definitely 
about ; and as he said it afforded a good example for comparison 
with a mill driven, as at present, from one engine, and driven by 
independent motors, he would be able to say a few words about 
cranes which otherwise he should not have considered relevant. 
Our own opinion is decidedly in favour of three-motor cranes, 
and this appeared to be fully confirmed by the practice in the 
United States, where they were certainly ahead of us in this 
line. Our objection to the one-motor crane was that it did not 
go far enough ; it of course did away with the long ropes or 
square shafts down the shops, but they still had to keep in all 
the clutches, bevel wheels, and square shafts across the shop to 
distribute the power from the one centre to the various motions. 
Although Mr. Bea had given them figures as to the extra cost 
of three motors against one motor, he had said nothing of the 
cost of the elaborate system of clutches, &c., required by the 
latter method, to say nothing of the loss of efficiency. 

Mr. Bea had spoken of the large size of motor his electric 
friends had always recommended him to adopt. This large size 
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motor was inherent to the one-motor crane for at least two 
reasons.- First, a larger motor was required on account of the 
lower mechanical efficiency of such a crane as mentioned above ; 
and secondly on account of the different type of motor used with 
each kind of crane. The starting power of the shunt- wound motor 
of the one-motor crane was only about one-third that of the series- 
wound motors used on three-motor cranes. He also mentioned 
the up-keep, &c., of three motors against one, but, as he had 
already said, this was a very small matter ; and, also, it must 
not be forgotten that even if the one motor was switched off 
immediately each time the crane was left (which was unlikely), 
the total time the whole of the three motors would be in opera- 
tion would doubtless be less than half the time of the other, 
with a corresponding reduction in the slight wear and tear that 
did occur. 

Several speakers had objected to the papers before them on 
account of the very general statements made, but he thought 
those who made the most of this point laid themselves open to 
the same objection ; and it might comfort his hearers to learn 
that our own experience of electric driving was such that 
whoever had tried it would never go back to mechanical trans- 
mission. In conclusion, he thanked them for the opportunity 
afforded of expressing his views on this subject. 

Mr. Henby Webb said it was with the greatest pleasure that 
he rose to move a vote of thanks to the authors for their com- 
munications, as he certainly believed that the subject was the 
most important that could be submitted to any company of 
engineers. He should like the authors to know that the remarks 
which had been uttered were in no sense intended to be in a 
hostile spirit. Of course, on a subject upon which they were 
not practically conversant, it only remained for them to indicate 
any practical difficulties which apparently presented themselves. 
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Mr. Joseph Nasmith had pleasure in seconding the same, and 
in supporting the sentiments expressed by Mr. Webl). Of oonrse 
it was sometimes necessary in a discussion to elicit information, 
best to hit hard, and as the authors wanted to know what really 
were the facts of the case, he thought that object had been 
gained. 

There was no doubt that the possibilities of electrically-driven 
cotton mills was in the near future, and sooner or later the 
Lancashire people would have to face it. 

Mr. G. n. FiBTH, in replying to the discussion, said it ought 
to be understood that his share in these proceedings had been 
unwittingly brought about by circumstances, and that the 
original intention was for him to be the reader of a contributed 
article only, but for certain reasons the plan had not been 
adhered to, and unfortunately, perhaps, a few notes of his own, 
prefatory in purpose, had been construed into the form of a 
paper, hence the unusual appearance of two readers on that 
occasion. 

Dealing with the tone of the majority of the remarks that 
had been made on his portion of the paper, he had been very 
much amused at their simplicity, and the imitative style adopted 
by successive speakers in their assertions, and consequently, 
their weakness of argument. 

He had been accused of exageration, but he must be allowed 
to say that it struck him that this element, unconsciously, of 
course, was very much in evidence in the criticisms that had 
been attempted. 

Mr. Webb said, *' that if the author had called his paper a 
frictional one it would have been more appropriately named.** 
If Mr. Webb looked again he would find it distinctly stated in 
the paper that friction was the principal consideration, and was 
dealt with in order to show where the adoption of electricity 
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might prove beneficial. As to the remark that the figures given 
were not **ia accord with modern practice/* he submitted, on 
the contrary, that that was just what they were. If they had 
been in accordance with old notions they would have heard 
nothing about them. They were not in accord with ancient 
practice, because they were obtained on lines approved of by 
present day high scientific authority, and were obtained recently 
from experiments on modem machinery and by himself and 
other practical workers, whose chief fault, perhaps, was their 
enterprising spirit. 

Mr. Nasmith's remarks, he considered, were very much to the 
point, and exactly fitting the occasion. He would only notice 
one or two points in passing, and the first was with regard to 
Eope y. Belt driving. Mr. Nasmith said that these experiments 
described by M. Fauquier in his paper, to which he had drawn 
attention, were ''absolutely worthless." Undoubtedly this may 
be so as affording scientific data for future operations. Still, the 
results might be taken as an instance, in actual practice, of the 
baneful results accruing from bad design and malpractice ; this 
was the object be had had in view, and thought it answered its 
purpose very well. As to the friction and changes in velocity 
in electric motors : for the former all depended on the method 
of application. The internal friction of a machine, of course, 
would not be affected by an external motor, but if spindles were 
driven by independent motors it would be a consideration, very 
greatly in favour of the electric drive, because of the saving in 
bands, driving cyhnders, belting, &c., and the friction arising 
therefrom. In the case of cards, he remarked in his paper that 
it would be inadvisable to drive each one separately; a line 
shaft would probably be best. So far as change of velocity was 
concerned, under varying loads, electricity would compare very 
favourably with mechanical transmission, 3 % or even less being 
quite within practical reach. 
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Mr. A. Saxon said that he, Mr. Firth, had ** overshot the 
mark," and was '* extravagant in his language.'* Well, perhaps 
it was so, but he certainly did not yet feel, from what had been 
said, any qualms of conscienoe about it. On the contrary he 
thought that Mr. Saxon would, on maturer consideration, come 
round to a better state of mind, when his views would probably 
be more in accordance with *< modem practice," and the ideas 
expressed in the paper. The experiments which he said he had 
made on the friction in a textile factory would assuredly have 
to be modified somewhat, because his result of a constant 
Motion under a varying load was erroneous. Mr. Webb might 
also take the same remark respecting his 18% total loss; 
properly investigated this would probably turn out nearer 30%. 
He had made one set of tests which came very close to these 
figures. 

Mr. Joseph Adamson and also Mr. Daniel Adamson also spoke 
in terms which were to the point and very acceptable. Other 
criticisms had been made, some more or less favourable, and 
some otherwise, for which be was much obliged, but which did 
not call for any particular remark from him; anything of 
relevancy to the question would probably be replied to by Mr. 
Bigge, and would perhaps be more to the point than anything 
he could say on the matter. He thanked all present for the 
very kind hearing they had accorded him. 

Mr. Selby-Bigob in replying to the numerous questions 
which had been raised during the discussion upon his paper, 
said that judging from the number of criticisms which had been 
passed on what he had stated, it was evident the subject was 
one of considerable interest to those gentlemen who were 
connected with the textile and allied industries. 

Those people who took upon themselves to bring new 
departures and applications of electricity before the public, must 
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to use a yalgarism, stand to be shot at. He welcomed fair 
oritioism of eveiy kind. 

When he first brought up before the Iron and Bteel 
Institute the question of running the machinery contained in 
iron, steel and engineering works electrically, many objections 
were raised to his views, and although many difficulties had to 
be met, faced, and overcome, the result had been that the 
applications recommended had eventually proved a great success. 

When he first thought of developing the application of 
electricity to the textile and allied industries, Lancashire 
immediately recurred to him, and it was to that county that 
he determined to submit his views, as in no part of England is 
so great attention paid to steam economy and saving in fuel as 
in the Manchester district. 

In selecting the title of his paper, '' Electricity as the Future 
Motive Power in the Textile Industries," he certainly did not 
at the time intend it to be inferred that it applied solely to the 
cotton industry, but rather that it should embrace not only the 
cotton industries, but also the allied industries such as printing, 
dyeing and bleach works, etc. However, as many speakers had 
taken the title to refer simply to cotton mills, he would reply to 
the points raised as fax as lay in his power. 

Mr. Webb had remarked that in the paper there was a certain 
paucity of information. They would all probably admit, con- 
sidering, what had been done in this country, in America, and 
on the Continent in reference to electrical driving of textile 
machinery, that the information could not have been at the 
present moment much enlarged. 

As he stated in the beginning of his paper, his object was to 
promote a thorough discussion and to ventilate a question 
which had never been raised before at a public meeting. 
In this manner, he would be able to obtain from people who 
had been all their lives versed in matters appertaining to the 
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cotton industries, what, in their opinion, would be the stumbling 
blocks to the applications of electric motors for this particular 
work. He did not stand before them as affecting in any way to be 
himself conversant with the details of textile work. Certainly, 
he had been through a great many mills and had a general 
knowledge of the machinery employed. He wished to learn 
from the members of the Association which he now had the 
honour of addressing, every objection which could be raised 
to the application of driving, and then if possible to reply fully 
to every objection raised. 

By way of supplementary information, however, he would 
cite to them the case of an American Installation on a very 
complete and large scale at the Columbia Cotton Co*s. Mill. 

The three phase system was chosen as offering special 
advantages for this work. 

The mill being situated within about 200 yards of a river, 
water power was adopted for driving the electric generators, 
which are each of 500 kilowatts capiacity, or about 670 electrical 
H'. each, which he believed to be one of the largest multi-phase 
generators built, running at only 108 revolutions per minute. 

The variation in load on a mill linked together mechanically 
is so slow and small that the speed can be held to be almost 
uniform ; in a distribution by motors, however, each motor 
must be capable of driving its shafting at a uniform speed, 
although the variations in the load put upon it might be con- 
siderable and very sudden. 

This point was fully recognised. 

The speed of the motors, of which there are 17, is 585 revolu- 
tions per minute ; the highest variation in speed of any 
individual motor is 2-2%, and from that down to 1*5 % in the 
various motors. 

Each motor is of 65 H', and is of the induction type, without 
commutators, brushes, or collecting rings of any sort, which is 
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an advantage in cotton mills, where fluff or cotton fibre is float- 
ing about in the air. 

The motors are bolted on to the ceiling, and are coupled 
direct on to the countershafts. 

The generators are driven by two double horizontal turbines, 
48 inches in diameter. The working head is about 25 feet. 

The voltage at the generator terminals is 675 volts, and is 
delivered to the motors at the mills without any intervention of 
transformers. 

Each generator is separately excited by a small dynamo, and 
the current from this is used for lighting the mill as well, with 
800 lights at a pressure of 110 volts, on the Edison three-wire 
system. 

The loss of energy in the cables is limited to 2 %. 

The motors are all provided with resistances, placed vnthin 
the armature spider. These resistances are used only in start- 
ing, and are cut out after the motor is nearly at speed by 
inserting a long lever into a socket and sliding a ring along the 
armature shaft until it short-circuits the resistance coils. 

Dr. Lous Bell, in a recent article in Gassier* s Magazine upon 
this installation, and from which the above particulars are 
taken, says (and he cannot do better than quote him) : « As to 
the actual operation of the plant, it has now been working 
steadily for over eight months without the slightest mishap, and 
with singularly little attention, more than fulfilling both the 
guarantee made and the hopes of the mil] engineers. It 
furnishes at once the largest multi-phase plant now in opera- 
tion, and the first sweeping application of the electric motor for 
driving machinery for textile manufacturing.'* 

Mr. Joseph Nasmith, in the course of his interesting remarks 
on the subject, touches on the question of the vital importance 
of regularity of speed. The speaker had just alluded to the 
regularity of speed in the case of the Columbia Mill. 



Mr. Nasmith gave it as his opinion that they should devote 
their attention in the first instance to line shaft dnving. He 
quite agreed with him, hut he did not think they should in any 
way lose sight of the ultimate objects they had in view. 

Owing to the complicated mechanism of the mule, the per- 
centage of friction to the power actually expended in spinniqg 
the cotton would be found to be very large, and by a combina- 
tion of mechanical and electrical knowledge the speaker could 
not help feeling that some considerable saving in friction might 
be effected. 

Before many years were up he hoped to see central electric 
power stations laid down in the mill districts for supplying the 
electricity for power purposes to mills. 

As in the case of central electric lighting stations, the cost 
per unit of electricity would be brought down to a minimum. 
This, however, was a matter for future consideration rather 
than for immediate pressure. 

The speaker was going to mention the cost of production per 
electrical H^ of 0*440 of a penny, and the cost of production per 
B.H.P. given off by the motors of 0'615 of a penny, mentioned 
by Mr. Alexander Siemens in his interesting paper before the 
North of England Institute of Mining and Mechanical Engineers 
at Newcastle, but he thought that these facts had already been 
referred to by one of the speakers during the discussion. 

Mr. Nasmith mentioned the question of the magnetisation of 
the cotton owing to the proximity of electrical machinery. 
There were various methods for annulling magnetic influence, 
the effect on the cotton fibres would, however, in any case be 
static, and not magnetic, if it existed at all, but in those cases 
where electricity had been applied for lighting purposes this 
did not seem to have proved an obstacle, although he quite 
thought that the hint dictated by Mr. Nasmith's sound know- 
ledge on these matters was a useful one. 
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Mr. Adamson, who had proved quite one of his strongest 
supporters, daring the discussion had devoted a great deal of 
time to getting to the bottom of these matters, and had given 
them some most interesting information as to the large scale 
upon which electric power work had been carried out in Switzer- 
land. 

Mr. Aifren Saxon, the speaker understood, had said that the 
loss of friction did not increase with the load on the shafting, 
at any rate more than momentary. He (Mr. Bigge) could not 
quite follow Mr. Alfred Saxon in his argument, as it was a 
well-known fact that friction increases in a certain proportion 
to the load thrown on the shafting, gearing, or any mechanical 
form of transmission of power. 

Several speakers had referred to the allied industries of dye- 
ing, printing, and finishing works, such as those of Mr. Marsden, 

Mr. Ashbury had asked what the various efficiencies of 
an installation of this class would be. 

The speaker, in reply, said that in small plants of this descrip- 
tion they reckon the efficiencies as follows : — 

Dynamo 98% 

Cables 96-7% 

Motors 86% 

Total efficiency 76-4% 

In the case of Mr. Marsden's installation, and which the 
speaker believed was the first complete installation of the kind 
in this country, as the new annex to the works which had been 
dealt with, was driven and lit throughout by electricity, the 
machines driven included mangles, drying machines, fans, dye 
jigs, wetting-out machines, washers, <fec. This installation had 
proved in working a thorough practical success. 

In the majority of print and dye works there were a large 
number of high pressure engines driven from a number of 
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boilers, and it might be confidently taken, that, by a jndidoas 
and proper application of electrical driving, in the majority of 
oases one-half of the coal bill could be saved, and in some cases 
more than this. He thought that there was a great and 
nndeniable future for the application of electricity in such 
works as these. 

Mr. Ashbary had questioned the cost of upkeep of electrical 
installations. 

The speaker would at once point out that the question of 
upkeep was one of the greatest points in favour of electrical 
driving. He had had recently through his hands, and under 
his direct observation, a number of installations of electric 
power where electricity had been applied under very varying 
conditions, and the cost of repairs of all these installations 
during a year's running had been practically nil. As a matter 
of fact, there was very little in a motor to require any attention. 
The motors were provided with automatic lubrication and 
carbon block brushes, which fed themselves forward auto- 
matically as they wore away. 

In large installations, where there were from 40 to 60 motors, 
the contractors were perfectly willing to undertake the upkeep 
at 5 % per annum on the total cost, and this should prove an 
outside figure. 

The cost of upkeep, in actual installations the speaker had 
had to do with, did not average more than 2 to 8% per annum 
on the capital expenditure. 

With regard to the sensitiveness of the electrical system, 
that was very marked indeed, and in fact it would be impossible 
with any mechanical means to get the direct proportion between 
the work done and the indicated ff on the engine, in such a 
sensitive and instantaneous manner as could be obtained elec- 
trically. 
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Mr. Gass had referred to the question of central stations for 
driving. The speaker believed these would come in the future, 
and had already touched on this point. 

Beplying further to Mr. Gass as to the possibility of regu- 
lating the speed of electric motors, he would inform him at 
once that the motor could be regulated or constructed to run at 
any desired speed. There were various devices for that purpose, 
which were in daily operation in most electric power installa- 
tions. If the motor was built with sufficient margin and capacity 
it would continue to run at a fixed speed whatever the variations 
in load might be. This was a very important point in cases 
where an absolutely steady speed was required. It was neces- 
sary, however, for this that the generating machinery should 
maintain a fixed voltage, and this brought one back to the 
governor of the steam engine. 

Mr. Gass had asked how the motors would stand when 
heavy loads were suddenly thrown on and as suddenly thrown 
off. He (Mr. Bigge) had carried out a number of applications 
of electric driving under these exact conditions, and provided 
the motors were of sufficient size had met with no difficulty in 
this respect. 

Mr. Gass next mentioned the question of vibration owing to 
the direct gearing of motors to machinery. There were cer- 
tainly difficulties with regard to the gearing direct of ordinary 
built motors, and after a certain time, the connecting wires 
between the armature and commutator would very likely snap. 
In all cases of electric driving they had to design the motors 
for the work they were required to do, and in such cases as 
these, the speaker recommended flexible connections between 
the armature coils and the commutator. When the armature 
was built mechanically and electrically to withstand the jarring 
influence of direct gearing; and rough work, there was no 
difficulty in getting the armatures to stand. 
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Mr. Gass farther asked how the machines worked m wet 
places. In replying to this, he might say that he had 
had during the past 18 months motors working in the 
open air with only a wooden hutch over them, during the 
whole of the recent severe winter, and also for a year previous 
to that. He certainly took every precaution to keep the 
machinery as dry as possible, and employed electricity as a 
means for heating the magnet coils of the machines. All these 
machines had stood this severe test, and although there were 
some 14 or 15 that had been working in this manner, he had 
not as yet had to carry out a single repair due to damp or 
moisture. In the dye-house of Mr. Marsden's installation, 
where, at times, a considerable quantity of steam collected, 
the motors had stood the test thoroughly, although in his opinion 
it was a more severe one than even that of the motors out of 
doors. 

Mr. Taylor had spoken about applying the power to heavy 
calenders. He could only say that they were perfectly well able 
to deal with calenders in the same way that they had dealt 
with all other classes of machinery. 

Mr. Hans Renold had laid great importance on the cotton 
fibres getting magnetised owing to the proximity of electrical 
machinery. Mr. Selby Bigge said that he thought that he had 
already replied on this point. 

Mr. Rea, the speaker thought, was perhaps a little premature 
in his remarks as to the motors at Middlesbrough. They were 
working extremely well, and the generating dynamo of 600 ff 
had been running day and night since the new year without the 
slightest stoppage or trouble accruing. Mr. Bea had raised the 
question of the life of armatures of dynamos and motors. This, 
of course, varied in every installation. In some installations it 
was a great misfortune that they had to be constantly renewed, 
and in other installations they were found to run for years 
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without praoticftlly any expendituie having been made. This 
would, however, be found the case in mechanical work, as well 
as in electrical, and no hard and fast rule could be laid down 
for the life of dynamos and motors. 

He regretted that it was impossible for him at present to 
give them more specific information as to the driving of textile 
machinery electrically for the simple reason that applications 
in this direction at the present moment were few and far 
between. They were, however, engaged in a number of experi- 
ments in connection with textile machinery. Several motors 
had been built of the enclosed type for the direct driving of 
ring spinning machinery. These motors formed a part of the 
machine themselves. 

He hoped that at some future time he might have the 
pleasure of submitting to them the results of these and other 
experiments. 

In conclusion, he had to thank the gentlemen present very 
cordially for the kind and attentive way in which they had 
listened to the remarks he had made, and trusted that the 
discussion which had taken place would be the first step on the 
ladder to opening up a subject which was undoubtedly. destined 
to be one of the greatest importance in the near future to those 
interested in the textile and allied industries. 
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CYLINDER CONDENSATION AND SOME 
MEANS OF COMBATING SAME. 

READ SATURDAY, 26th OCTOBER, 1896, 

BY 

Mr. W. H. BOOTH, M.Am.Soc.OE., 



OF LONDON. 



There can be little doubt that James Watt recognised, as an 
obvious fact, the very simple phenomenon, known as cylinder 
condensation, and that he endeayoured to combat this by com- 
pounding the steam engine. Watt found the steam engine 
possessed of one cylinder, which did duty both as working 
cylinder and condenser, and he took the first step in compound 
working by doubling the number of cylinders, for he introduced 
a separate vessel in which the steam should be condensed, and 
thereby removed the working cylinder from direct contact with 
the condensing water. Watt's improvement has been so often 
referred to under the specific title of the air pump and separate 
condenser, that it has been overlooked as being really the first 
step in the compound principle, which to-day has attained to 
the use of four or even five cylinders, of which one, the 
condenser, is below the heat plane of atmospheric steam, and 
the others are above it. The air pump may be left out, for this 
is necessary simply to remove air, whose presence is an accident, 
or water, which might equally well, in many cases, be removed 
by a 80ft. (vertical height) drain pipe. Indeed one is often 
tempted to be surprised at the use of large air pumps where 
engines could be so easily fitted with gravity pipes to their 
condensers, and small pumps for air only. 

Watt perceived the error involved in throwing cold water into 
a working cylinder which is immediately after to be filled with 
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hot steam, and all he did, as plamly indicated in his own 
writings, was to endeavour " to maintain the cylinder as hot 
as the steam that entered it." But when the exhaust opened to 
the condenser, the temperature of the steam in the cylinder 
would still fall to that corresponding to the condenser pressure. 
The range of temperature in the cylinder would be nearly as 
great as before. Yet great economy accompanied the change, 
and this economy was directly due to the removal of the con- 
densing water from the cylinder. When water was injected 
into the working cylinder of the Newcomen engine it was first 
converted partially into steam by the hot walls of the cylinder, 
and the vacuum was only obtained by the use of a great excess 
of water beyond that merely necessary to condense the steam. 
This excess so cooled the cylinder as to demand an enormous 
amount of steam to again heat this to 212° at the next stroke. 
Thus, the weight of steam used per horse-power per hour was, 
according to Unwin, no less than that due to the use of 26*6 
pounds of coal in the boiler. Watt reduced this to about one- 
third by the year 1800, and by the year 1815 to about an 
eighth, while, in 1884, it had fallen to but one-fourteenth. 
Here is Mr. Unwin's table: — 

DUTY OP CORNISH ENGINES. 



style of Engine. 


Duty in Foot Pounds 
per Bushel (941bs.) 

of Coal. 
MiUions of Foot lbs. 


Pounds of Goal per 

I.H.P. per hour 

(estimated). 


Newcomen 

Smeaton 


7 
10 
20 

52A 
67 
98 
107 

140 


26-6 
18-6 
9-3 
3-6 
2-8 
1-9 
1-7 

1*83 


Watt, 1800 

Lean*s Beport, 1815 .. 

» 1827 .. .. 

,, 1834 .. .. 

„ 1840 .. .. 

Leavitts LouisviUe Engine 
per lOOlbs of Pooohontas ■ 
Coal 
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Notwithstanding the separate condenser, the pemicious action 
of the cylinder was still maintained, though to a much less 
marked extent. There were two causes for this, apart from 
radiation losses. The first was the wetness of the steam itself, 
arising from priming or cooling in the steam pipe and exposed 
hoiler crown. The water which thus entered the cylinder, hot, 
it may be, but having no store of latent heat, obtained this 
from the cylinder daring expansion or exhaust strokes, and the 
cylinder thus cooled, in its turn robbed the next charge of 
steam of some of its heat, so producing more water to be boiled 
off during exhaust. Every pound of water, thus brought into 
the cylinder and evaporated therein, was thus responsible for 
an equal weight of initial steam condensed, and, in this simple 
way, water is seen to be cumulative in its action up to such a 
point, that any further accumulation is discharged unevaporated 
to the condenser. When this point is reached, further progress 
of the mischief is stayed. This shows the importance of 
arranging the exhaust ports so as to collect the water quickly, 
or, in bad cases, of keeping drip cocks constantly a little open. 

The second cause of water in a cylinder is the liquefiEiction 
due to performance of work during expansion. The action of 
water so formed is surely less mischievous than that of priming, 
for the reason that water, thus formed, probably exists as fine 
mist distributed throughout the mass of the steam and, not 
being at once deposited upon the cylinder walls, is swept out 
with the exhaust as water, and not re-evaporated. It seems to 
me very probable that Watt had clear ideas on these points, 
for he put a jacket round the cylinder in order to keep this as 
hot as the steam which entered it. The tendency of the jacket 
is to evaporate any water on the inner surface of the cylinder, 
and it is obvious that, in a slowly moving engine, a jacket con- 
taining steam hotter than the working steam would evaporate 
all the water as it entered the cylinder, so that, during expan- 
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sion and exhaust there would be no priming water in the 
cylinder, and therefore there oould be no cooling of the cylinder 
unless by the dry steam in it, and dry steam, being so poor a 
conductor of heat, and also having a comparatiyely low specific 
heat, would absorb but little heat from the metal. The cylinder 
therefore remains hot and cannot, of course, condense much of 
the next entering charge of steam. Granted that condensation 
now occurs in the jacket, to which it has been so to speak, 
transferred from the cylinder, yet such cannot be harmful. 
Water thus formed on the outer cylinder wall can be run back 
to the boiler ; it absorbs no heat from the cylinder by re-evapo- 
ration. Watt made his jacket merely an ante-room to the 
cylinder, and he has been, in the past, ridiculed for this, it being 
argued that such a system is but paying from one pocket to 
another. But such is not the case, for we have now got the water 
out of the cylinder and the rest is simply a question of jacket 
drainage, and we must concede to Watt a knowledge of the 
action of steam in the cylinder and jacket, and a practice as 
advanced as the mechanical art of his day rendered possible. 
Watt's jacket was that used by the Low Moor Iron Co., in 
their famous beam engines. It is used by the best Continental 
engineers of to-day, and Messrs. Hick, Hargreaves & Co., of 
Bolton, also have adopted the system. 

THE CORNISH CYCLE. 

We have been hearing a good deal of late about the Cornish 
Cycle of steam working, whereby in a single-acting cylinder the 
exhaust steam is first transferred from one side of the piston to 
the other, and thence exhausted to the condenser, Fig. 0, Plate 
1, thus reducing the range of temperature on the working side 
of the piston where exposed to the initial steam. This was done, 
I presume, merely for convenience of working, the Cornish 
pumping engine acting on the down stroke of the piston only, 
and the spear rods pulling the piston up again. Possibly, 
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indeed probably, Watt was surprised to find how the Cornish 
engine was superior in economy to his pet double-acting rotative 
engine, but we can quite allow that he realized the thermal 
reasons for its superiority when thus made apparent to him, 
seeing that the fact was simply confirmatory of the reasoning 
which led him to add the separate condenser. Now Woolf, 
and his predecessor Homblower, do not appear to have under- 
stood the thermal reasons for compounding, for they simply 
added a small first cylinder and carried steam for the full stroke 
in this before exhausting to the second cylinder in which the 
steam expanded as many times as this cylinder was larger 
than the first. The first cylinder merely acted as a measure 
to supply a fixed quantity of steam per stroke to the second 
cylinder. 

In Fig. 1, Plate 1, we have an ideal diagram from a single- 
acting engine exhausting direct to the condenser. Here the 
cylinder is exposed to the full range of temperature, T** degrees, 
between the boiler and the condenser. In the Cornish Cycle the 
total range of temperature, T^ degrees, is divided, as explained, 
into two parts, of which one T^^ occurs on the top side of the 
piston, and the other, t^ on the lower side. Fig. 2, Plate 1. 

In the Woolf or Hornblower engine the ideal diagram would 
be as per Fig. 8, Plate 2, where the total range of temperature 
being still T^ degrees, we find that the range in the first cylinder, 
Ts^, is but little short of the full range, and that in the second 
cylinder, t^, is but little less than the range in the lower end 
of the Cornish cylinder. 

The sum of T^ and t^ is, in fact, greater than T°; the cylin- 
der temperatures overlap, and the only benefits apparent in 
the Woolf system of compounding are those arising from the 
small area of the heat radiating surface of the hotter cylinder, 
and the reduction of leakage periphery of piston and valves 
exposed to the higher pressure. Woolf in fact secured mechani- 
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oal ftdyantages, perhaps of greater importance in respect of 
leakage, than they would be to-day with our more perfect tools. 
But compare Fig. 4, Plate 2, the ideal diagram from a componnd 
engine properly worked with about equal admission to each 
cylinder, and some capacity of steam pipe or other receiver, 
and we find that the sum of the temperature differences in 
the two cylinders, Tf+t^, are only equal to the total range, V. 
There is no overlapping as between the two cylinders, and 
the thermal range is that of the Oornish engine of Fig. 8, 
Plate 2. The cut-off in the second cylinder maintains the 
receiver pressure to a point as high as we may please, but 
not advisably greater than the terminal pressure in the first 
cylinder. The action of the Receiver is that of the idle side 
of the Cornish piston, and, properly managed, should lead to 
economy. 

THE JACKET. 

While, as stated, the Watt Jacket is now again coming into 
use, it has always seemed to me that the ideal jacket should 
be one supplied from a special boiler with steam at a higher 
pressure than the working steam, and that all the steam 
made in the special boiler should be passed through the jacket 
and into the main boiler by a reducing valve, thus effectively 
draining the jacket, blowing all air out of it and keeping it 
in a state of maximum effloiency, for there can be little doubt 
that where jackets have failed, they have done so through 
improper design, wrong fixing or bad drainage ; also that best 
results have been secured where speeds have been slow, while 
as an exception to what has just been stated as to feulure, 
probably a large amount of priming water would enable a jacket 
to constitute itself a cause of actual loss, measured on the 
total steam consumption of both cylinder and jacket, but that 
such a jacket, in the absence of abnormal priming, would 
shew a net gain. 
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In Fig. 5, Plate 8, is a diagram showing, by A, the apparent 
volume of steam that enters the cylinder up to cut-off. If 
we draw on this diagram the hyperbolic curve of comparison 
pn we see that the expansion curve finishes considerably 
above the hyperbola. If now we draw the upper hyperbola, 
originating from the final pressure in the cylinder, we obtain 
a fresh point, m, and drawing m k, find the real volume of 
steam, which entered before cut- off, to be 0. This tells us 
that a volume, B, has been re-evaporated during expansion, and 
were we to measure the actual feed- water, we should be perhaps 
able to draw a vertical to the left; ot m k showing still greater 
initial condensation, for the diagram cannot show the evapo- 
ration which goes on during exhaust. Volume B is the 
minimum that can have been condensed. (The tightness of 
valves and piston is assumed.) This volume B disappears and 
re-appears every stroke, its only duty being to convey heat from 
the furnace to the condenser without performance of work, 
other than that represented by the area of that part of the 
diagram above the curve p n. The jacket is intended to prevent 
this loss. 

Both the effect of a jacket and the faults it is intended to 
eliminate, become less as piston velocity and reciprocation speed 
increase, and makers of engines of high rotative speed state 
that they find no benefit from jackets and have ceased to use 
them, relying only for economy on the reduced range of tem- 
perature due to compounding. Compounding may, or may not, 
reduce the range in the first cylinder according as it is properly 
applied, but compounding, in a ceriiain mechanical sense, is a 
source of loss, because it involves additional valves and pistons 
and other parts, and it can only be usefully employed where 
pressures warrant it, or the losses will overbalance the gains, 
and by compound is meant triple, quadruple, or a higher number 
of cylinders. 
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The economy of any multi-cylinder engine is entirely a matter 
of compromise. 
In favour of the principle may be set down : — 

1st. — ^Exposure of hottest steam in smallest cylinder, with 

reduced internal area and less radiation surface. 
2nd. — Beduced range of temperature in any one cylinder. 
8rd. — ^Reduced stresses in working parts and less friction. 
4th. — Beduced periphery of pistons and yalves exposed to 

high pressure and hence less leakage. 
5th. — ^Reduced difference of the pressure on the two sides of 

pistons and so less leakage. 
6th. — The use in the later cylinders of any steam that leaks 
past earlier pistons ; and 
Against the principle are to be set : — 

1st. — Increase in number of working parts with increased 

piston rmg friction, &c., gland friction, &c. 
2nd. — ^Larger total heat radiating suriGEMse. 
8rd. — Larger number of glands and greater chance of leakage 

thereat. 

4th. — A greater difference between total work done in the 

cylinder and the net work of the diagram, i.e,, between 

the areas abcdea and a b cfa of Fig. 6, Plate 4. 

This loss will be found greater in engines where the back 

pressure is large, but compound engines always haye a full share 

of lost work, g fc de g. 

In addition to the thermic advantages of the compound 
principle, we perceive also the more mechanical advantages 
under head 4. Thus where cylinders have a diameter ratio of 
1 : 2, the radiating area of the hotter cylinder ends is quartered, 
that of the barrel halved. Its inner surface at the beginning 
of the stroke is quartered, and its piston circumference is halved. 
The piston is also exposed to pressure of ratios on its faces of 
16— 4 in place of 16 — 1. These advantages, with the trapping 



OYLINDEB OONDENSATION. 117 

of such leakage as may oocur, all tend to maintain a superior 
economy in compound engines vmder the effects of age and wea/r. 

The first cylinder of a compound engine is usually wetter 
than the second, as shown at an open indicator tap. This 
appears to be explicable, as follows : — In the process of heat 
passage without performance of work there is an accumulation 
of heat at the bottom of the fall. The action is like that of a 
cascade of water. Water may fall the whole distance through 
pipes of small diameter, whose friction will absorb all the 
energy, and the water will flow out quietly at the foot. The 
quantity is there, but there is no splash as in the free fall. The 
work has gone out of it. So with the heat : it is not destroyed 
but appears in the flnal cylinder, the foot of the fall, where it 
has arrived, without doing work, by dodging into and out of the 
cylinder metal. It has travelled with the pistons as water, and 
been pushed before them as steam — a dead load all the way, like 
the miner on the Oornish man engine, who rises a stage ev^ 
stroke, but rests on a side platform during the return stroke, so 
doing no work. The man always puts his weight against the 
rising rod, but, like the heat in the cylinder, steps aside until 
the next stage comes to his level. 

But you cannot start hot water at 860° temperature through 
a cylinder and finish with as much water at 212°. The missing 
148° has gone to convert some of the water to steam. This, 
and the distribution of the water over a larger cylinder partially 
explain the apparent greater dryness of the later cylinders, 
which is partly fact and partly appearance only.* 

We may now illustrate the foregoing arguments by means of 
an actual diagram, which has been analysed roughly, not for 
the purpose of absolute proof, for I do not know the actual 
clearance capacity of the cylinder, nor does anyone know a 

* Any actually greater wetness in any case being dae to causes not connected with the 
action of the cylinder metal bat arising from radiation and from performance of work. 



118 OTIilMDEB OONDENSATION. 

better onrve than the hyperbola as a gtdde in diagram interpre- 
tation, though you may read a good deal about the adiabatio 
curve and find, even then, that the professors are not agreed as 
to its proper index. 

There is no mystery about the action of steam in a cylinder. 
At the same time there are no hard and fast lines on which to 
work, and the pages of mathematics lavished on steam engine 
subjects are waste matter to most engineers, chiefly useful to 
advertise the mathematical proficiency of the author, which they 
certainly do about as well as they exhibit his inability to 
explain things to the practical engineer. There is nothing more 
needed than the steam tables of Fray or others, and tables 
of areas, specific heats, &c., in plain figures. 

Fig. 7, Plate 5, is a diagram from the Mc.Naught cylinder, of 
a beam engine, 28in. dia., 86in. stroke, 85 revs, per minute. 

The cut-off occurs about 4*7in. to which if we add -^in. for 
clearance length, 461 sq. in. for port surface, and 67*5 sq. in. 
for surface of 5in. length of a 4in. diameter piston rod, we 
shall arrive at an approximate exposed area of a cylinder wall 
and piston face at time of cut-off of 2,800 sq. in. Assuming 
that this surface accomodates itself to the depth of y^in. to 
the temperature of the steam, and taking cast iron to weigh one 
pound per four cubic inches, we find that the exposed surface 
weighs 5*75 lbs. 

As the initial pressure is 881bs. and the volume of the steam at 
cut-off is 1 = 8,770 cubic in. or equivalent to a cylinder length of 
6iin., the clearance being about 4 7o ^^ found graphically from 
the curve of compression, the weight of steam at cut-off will be 
•4461b. [or 8,770 x -20 446 -^ 1,728] by Pray's tables. The latent 
heat of this weight of steam is '446 x 889*5 = 896*7 units. The 
water equivalent of 5$lbs. of cast iron is say 0*81b., and as the 
lowest cylinder temperature is that due to a pressure of 171bs. 
or 219*4° P., the range will be 99° F. The cylinder is thus 99° 
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cooler than the steam which enters it, and must therefore absorb 
99^x0*8 = 79*2 nnits of heat up to cnt-off point. The total 

latent heat entering the cylinder is thus 896*7+79*2 or say 476 

79-2 
nnits and the fraction of steam condensed is .„^ , = *166 of 

476*0 

that which enters the cylinder. The heat set h*ee is what raises the 
cylinder to the same temperature as the steam. There must enter 
the cylinder for this reason alone 116*6 volumes of steam for 
each 100 yolumes shown by I in Fig. 7, Plate 5. The one fact 
of which we are ignorant is the actual thickness of the cylinder 
skin which we have assumed at i^in. It certainly is t^^* 
for a certain speed of reciprocation. The volume 0, Fig. 7, 
Plate 5, if due to this cause entirely would appear to indicate a 
value of ^in. Neither do we know how closely the cylinder 
will aproximate to the steam temperature, but this is included 
in the item of eqvmaUnt swrface depth. 

Equally is it obvious that the fraction, call it *01 or *001, will 
vary with the roughness, — ^indeed surface roughness is impor- 
tant where small fractions are concerned. Thus in Fig. 8, Plate 
6, we may suppose heat to travel to the depth a, and the surface 
serrations will be less important than where heat only pene- 
trates to a depth shown by the dotted serrations parallel with 
the surface zigzags, which then add 41% to the exposed sur- 
face and its effect. 

A steam jacket may be said to push heat through the cylinder 
surface film, as shown magnified in Fig. 9, where an army of 
heat waves travels from the jacket side J, to be slain by what 
we may for convenience call cold waves &om 0, the inner side 
of the cylinder. If the heat waves are to get through to 0, 
they must move quickly enough, or the cold waves will cut 
them off below the surface Uke the head of a column in battle 
which never advances, though the rear is at quick march. 
The advance needs quickening or the cylinder surface can 
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never attain boiler temperature from the jacket side, unless 
the jacket exceeds boiler temperature itself. At most the 
army from J meets that from somewhere in the body of 
the cylinder, and reduces the demand of heat from the initial 
steam. Hence the desirableness of the special higher pressure 
boiler to feed the jacket. 

Professsor Reynolds has suggested air being regularly fed 
to the boiler to the amount of about 5 % of the volume of steam 
generated, such air forming a protecting layer between the 
cylinder and the steam, and reducing condensation. The first 
steam certainly condenses as before, but leaves the air behind 
on the surface like the stones left on the sieve when sieving 
fine gravel. Such air reduces the condensation due to contact, 
and this is probably the more potent form of condensing action. 
Air would probably ensure economy even in condensing engines, 
and certainly in non-condensing engines, though in the former 
it will vitiate the vacuum to some extent. 

Take now the same diagram. Fig. 7, Plate 5, and examine for 
condensation due to work. Neglecting the re-evaporation area 
above the hyperbola s ty the mean pressure of the hyperbolic 
diagram, originated from the point of cut-off s, will be found to 
be 411b., or p = ^ X (^ + hyp. log. R) ^ ^^^ p .^ ^^^^^^ ^^^ ^ 

is six expansions, the cut-off taking place at the equivalent of 
6i inches in a cylinder virtually 87i inches long. The cylinder 
area, net, is 608 square inches, and the work per stroke is 
41 X 608 X 8ft., or 74,169 foot pounds. But of this amount, 
the portion, as far as the vertical S N, has been done in the 
boiler, and only the area S e2 c N by expansion in the cylinder. 

The ratio of this area to the total work is - — ^ — ^ — =:, The 

1 + hyp. log. B 

hyp. log. R is 1*79,176, so that the work done during expansion 

is 47,595 foot pounds, corresponding to 61-65 heat units, which 
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must be furnished by the expanding steam. The terminal 
pressure n is 21 pounds, so that the latent heat of the exhaust 
steam is •4461bs. x 952"" = 424*6 units. 
In this we assume merely the visible steam present at out-off. 

The heat that has disappeared as work is thus represented by 

61-65 ' 

the fraction , being about 14^% of the steam present as 

steam at the time of cut-off. Part of this heat has been pro- 
vided by the water, initially formed by the condensing action of 
the cylinder, and part by the cylinder walls which have radiated 
some of the heat they absorbed from the initial steam, or evapo- 
rated some of the water clinging to them. The action is mixed 
and complicated, but there is no reason to assume any mystery. 
If steam tables are correct we can readily use them to explain 
everyiihing rationally, but we can lay down no rules and no 
formula, for we know nothing of the equivalent cylinder surface 
depth of temperature range ; we do not know the action of the 
air present at all fully, nor is there a known means of deter- 
mining the dryness factor of the steam, unless it be actually a 
little superheated. 

Suppose a jacket so hot as to abolish cylinder condensation, 
and that the steam has been supplied dry. Now deliberately 
add 5% of wetness to the steam, and the old-cylinder action 
will be re-started, and may be again stopped by still further 
heating the jacket. Priming, which may cause a jacket to be a 
loss, is a most mischievous fault, robbing the boiler of heat, 
which not only does no work, but is contained in water, whose 
presence in the cylinder is so potent a factor in cooling the 
cylinder during the exhaust stroke. 

SUPERHEATING. 

The effect of superheated steam may now be traced. Steam 
is superheated when its temperature is greater than that proper 
to its pressure. Water and superheated steam cannot exist 
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together. Either the steam will become sattirated, or it will absorb 
the water, and remain still superheated. In diagram Fig. 7, 
Plate 5, the hyperbola, traced back from the toe of the figure, 
shows that about 28^ % of the initial steam has been condensed 
and re-evaporated during the expansion. The latent heat in the 
initial steam per pound being 889*5 units, it appears that there 
is a shortage of 158-5 units, or 28t % of 889*5, and if the initial 
condensation is to be stopped we must add this missing heat to 
the initial steam. As we are about to prevent condensation, we 
may neglect the weight of steam that now condenses and take 
the steam shown by the indicator to be present at cut-off, 
viz., *4461b., each pound of which contains 889*5 heat units 
latent. As steam has a specific heat of *480 we find that 
158^ -i- *480 = 819'8° as the added superheat to prevent con- 
densation. As the steiun has already a temperature of 819^, it 
will require heating to 688*8° F., and all this superheat will 
have disappeared by the time of cut-off, and gone into the cold 
cylinder. There will now be no water in the cylinder, and, if 
none be present, none can be re-evaporated by the hot cylinder 
during expansion, and the cylinder will remain at 819°, except 
for such small amount as it may lose, to the dry steam in it, by 
radiation. If such be the case the steam which next enters the 
cylinder will not condense; it will start on its expansion super- 
heated, for it cannot lose all its superheat to a cylinder at 819°, 
and very soon the exhaust will be discharged superheated, and 
perhaps slightiy vitiate the vacuum, though, as it would so 
quickly leave the cylinder, the vacuum therein would more 
closely approximate that in the condenser than where the steam 
is wet. It is thus clear, by plain reasoning, that the amount 
of superheat required is by no means that found above, but only 
an amount but little in excess of that necessary to supply the 
heat necessary to make good the latent heat which disappears 
as work during expansion. 
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This we found to be 61*65 units in this particular instance, 
being 14^ % of the initial latent heat, and corresponding there- 
fore with a superheat of 162'4^ or a temperature of 481-4° P.; 
and this argument is borne out by practice, the saving, due to 
superheating, being far in excess of what the moderate extra 
heat supplied to the steam would appear to warrant, unless the 
matter be reasoned out as above. 

And it appears very simple when thus reasoned out, and does 
not demand any hidden or mysterious property of steam or iron 
to assist in unravelling it. There are people who seek for 
mystery, even in boiler explosions, which we all here know 
simply to be due to there being not enough room in the boiler 
for the steam that was in it. 

Superheating is superior, theoretically, to jacketting, for it is 
the application of heat at the higher temperature, and its efifects 
are felt no matter how fast the engine may run. Indeed, super- 
heating strikes at the very root of the loss account, and nips it 
in the bud likewise, and no matter how small the superheat 
its effect is good and remains at all speeds, whereas the value 
of the jacket practically ceases at a certain limit of speed and 
may even reverse. Superheating is direct in its action, and 
will dry a cylinder that remains wet at even the very maximum 
rate of reciprocation. 

SUMMARY. 

For best results an engine must therefore be designed with a 
minimum of internal surface, unaugmented by coned pistons 
and cylinder covers, large nuts to fix pistons, deep cylinder lids 
with annular spaces round them, open stuffing boxes, long 
passages or rough surfaces ; as to all which a recent report of 
Mr. M. Longridge may with advantage be studied. Other 
points are reduction of temperature range in any one cylinder, 
by compounding to a reasonable extent, by suitable valve setting 
and by a reasonable expansion in every cylinder, with no fedl of 
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pressure in any cylinder below the initial pressure in the follow-' 
ing cylinder. 

Water separators or steam driers, which may be superheaters, 
are essential to economy. In all that is done we shall effect 
more than the' means would indicate. Thus we superheat to 
save x% and find we have saved 2a;% or more, and the drier 
steam, moreover, gives less negative or back pressure, and 
reduces the area gfcdeg of Fig. 6, Plate 4, and more power 
goes into the fly wheel. 

ABSOLUTE HORSE POWER. 

In the high pressure diagram, as Fig. 7, Plate 5, while the 
expanding steam and cylinder heat really do work indicated by 
the area s d clS s, and steam must therefore condense in propor- 
tion to the duty it does ; it is equally true that work is done on the 
exhaust steam by the piston to the amount of the area a f deb a, 
this work being transmitted to the next cylinder. We cannot 
assume that the indicator diagram is the measure of the work 
done by the steam upon the piston, though the diagram correctly 
represents the energy in the piston rod. The steam cannot 
know whether the resistance opposed to it comes from back 
pressure on the opposite face of the piston, or from a brake on 
the fly wheel. Hence the importance of measuring the absolute 
work, in order to gain a true knowledge of heat disappearances. 

In Fig. 7, Plate 5, the average pressure of 411bs. was found as 
though the steam had expanded along the hyperbola stin place 
of along 8 d. The area t d s t ia really due to the heat of the 
initially condensed steam given out again by the cylinder, and 
is, so far, a reduction of the loss otherwise made, but it will be 
observed how the big end of the area is next the toe of the 
diagram, where its effect is least useful, whereas, had no con- 
densation occurred, the diagram would have been almost that 
bounded by the upper hyperbola h d, and the figure d hs d, 
with its larger head to the end of the diagram, would be added 
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to the power area. The continued rise of the curve s d above 
the hyperbola, is an indication that the evaporation will con- 
tinue during the exhaust stroke, and add to back pressure 
to the prejudice of economy. Obviously the triangle s d t s is 
the rectangle coming to light again. By superheating we 
shall diminish G, or even make it disapper, and the points d 
and t will approach, coincide, or possibly cross one another, the 
curve of expansion approaching, coinciding with, and perhaps 
falling below the hyperbola, as the fractional index adiabatic 
curve should do, though when I meet such a curve I shall look 
closely for a leaking piston. I have used this diagram, Fig. 7, 
Plate 5, because I remember that it was from a cylinder spouting 
water at its high pressure indicator taps, and because I believe 
the valves were tight, being piston valves of Fetrie's make. 

The figures are only approximate and the curves are roughly 
drawn, as I had no intention of presenting this paper other than 
as an exposition of views. The time has not yet come when 
we can base closely figured arguments on the data and results 
of steam engine diagrams, as I tell my American friends, who 
calculate bridge stresses to a pound, and don*t know the age of 
the baby in the middle car, or even the side of the car at which 
a hypothetical baby may chance to crawl. 

We steam engineers are now not even agreed on the value 
of J. Americans use Bowland's value of 778 ft. lb., but Man- 
chester men are not likely to abandon the figures 772 for so 
small a difiEerence, seeing that it was at Oakfield, Whalley Bange, 
Manchester, that the classical experiments were made which 
rendered possible the determination of steam engine efficiency ; 
Joule having gone to reside at Oakfield about 1844. 

A recent departure in steam engine practice is the Field 
engine. In this engine air heated in pipes, laid in the flues of 
the boiler, is forced by a Boot blower into the cylinder during 
the exhaust stroke, thereby adding heat at the right place, and 
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diminishing the initial condensation during the next admission, 
both by virtue of the added heat and by the presence of air in 
the cylinder. The value of the application must be dependent 
on the quantity of heat available in the flues. To be of serious 
value it would appear necessary that the air pipes should not be 
placed next the chimney, but between eoonomiset and boiler, or 
even earlier, as in the bottom flue of the Lancashire boiler. 

This engine has never yet been properly tested, but I believe 
arrangements have been concluded to do so in a fair and 
thorough manner, 

STEAM TURBINE. 

In the steam turbine we have an engine in which, soon after 
beginning to run, the temperature of every part exactly corres- 
ponds with that of the steam flowing by such part. Cylinder 
condensation does not exist. The steam turbine is perfect, so 
far as it goes. It is practically an adiabatic cylinder, but 
fortunately you cannot take indicator cards off it, and so there 
can be no '' monkeying round," with the fractional index curve 
it would probably show us. 

FINAL. 

The various means of combating cylinder condensation have 
been carried out, more or less partially, as follows : — 

(a) In the high speed engine by frequency of reciprocation 

tending towards reduction of stroke duration and 
diminished effect of cylinder surfEtces. 

(b) In the single-acting Oomish pump and in the Willans* 

engine by the Oornish cycle system of steam exhaust. 

(c) In many engines by the compound principle which 

reduces the range of temperature in any one cylinder. 
{d) In the Willans* and other engines by arranging the 

exhaust ports to facilitate collection and exit of water. 
(e) By steam or other hot jackets, as in inside cylinder 

locomotives. 
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(/) By superheating the steam, as now coming into fashion 

again. 
(g) By the Field system of introducing hot air. 
(h) By injecting air into the boilers to act as a screen in the 

cylinder, 
(i) By abolishing it as in the steam turbine. 

In conclusion, while perhaps able to advance nothing specially 
new and nothing startling, I hope I may have succeeded in 
showing that the study of the steam engine does not, if properly 
approached, lead to mystery, and that its action is so made up 
of factors, the value of which we cannot yet judge, that many 
results apparently contradictory will often be met with. Of all 
foUies none is so great as arguing about jacket anomalies in the 
absence of any positive assurance that the jackets were really 
acting as intended, and I do not myself believe that any jacket 
ever did act as intended, unless it had a positive steam circula- 
tion, as either the ante-room to the working cylinder, or fed 
through by a special boiler. 



APPENDIX. 



In Fig. 10, Plate 7, is shown the cylinder of the Low Moor Iron 
Go.'s old 40-horse beam engine, kindly sent me by Mr. Sutcliffe, 
of the Low Moor Iron Go. The arrangement of the jacket is 
plainly shown with the groove at the upper end, in which, if I 
remember rightly, in the 60 B? engine supplied by the Low 
Moor Go. to my father's firm about 1884, there was a copper 
wire filling. Mr. Sutclifie informs me that they made this 
style of jacketted cylinder over 70 years ago. Note the dished 
bottom of the cylinder. 

The similarity is great between this old jacket and the modem 
cylinder in Fig. 11, Plate 8, made by Messrs. Hick, Hargreaves 
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& Co., who point out that although there is an asbestos packed 
space round the jacket at A, fitted with a wrought iron gland 
ring, which leaves the jacket free to expand and contract longitu- 
dinally, yet without this safeguard it is practically impossible, 
when blowing through, to heat the cylinder differently from 
the jacket. The steam enters the jacket tangentially, and the 
separated water is drained off at the lowest point. Continental 
practice with these jackets shows 5 to 6 % gain over ordinary 
jackets. Some recent 12 hours* trials of compound condensing 
engines, built by Messrs. Hick, Hargreaves & Co. for the York- 
shire House-to-Hou^e Electricity Co., of Leeds, show a water 
consumption of 14'61bs. gross per indicated Q? per hour, no 
allowance being made for loss at safety valves, water caught by 
separator, or any other form of leakage. The engines had 
cylinders 19in. and 85in. diameter respectively, by 8ft. stroke, 
by~80 revolutions, at 1201bs. pressure, indicating 400 Q?, not a 
bad result at the now low pressure of 1201bs. The cylinders 
are jacketted, as in Fig. 11, Plate 8, and these jackets have been 
found very satisfactory by Messrs. Hick, Hargreaves & Co. 

These two examples will be sufficient to show what was done 
by the leading engine builders of the days when Watt's influence 
must still have been at work, and what is their practice to-day ? 
Between these periods has been a sort of decadent time, when 
engines have been made by anybody, and jackets worse than 
useless have been applied and condemned, because they were 
drained neither of air nor water, and were mere dead ends to a 
small pipe. It seems likely that the resuscitated old form of 
jacket will continue, and I see, myself, no objection to its con- 
tinuance, even with that still better adjunct. 

THE SUPERHEATER, 

Of which we have, in Fig. 12, Plate 9, an arrangement as applied 
to Lancashire Boilers by Messrs. Hick, Hargreaves & Co., of 
Bolton, to whom I am indebted for the drawing, and who have 
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DOW put in a large number. It consists of a series of simple 
bent wrought iron tubes placed in the down take, as shown, 
steam travelling down one leg and up the other leg. The whole 
apparatus has been easily removed, examined, and replaced in 
2) hours. The valves are arranged to pass the whole or any 
portion of the steam throagh the superheater, so that the super- 
heat can be regulated at pleasure. In practice, and these are 
useful figures to bear in mind, with compound condensing 
engines at lOOlbs. boiler pressure, a superheat of 100° F. will 
give an economy of 15 to 20% ; the best results accompanying, 
of course, the application to the least economical engines. In 
applying superheaters it appears to be recognised as necessary 
to place them as near the furnace as convenient. This is done 
in the Lancashire boiler, as shown in Fig. 12, Plate 9, while 
Fig. 18, Plate 10, shows the application of the Schwoerer Super- 
heater to a water tube boiler at the Grand Junction Water 
Works at Kew, by Messrs. James Simpson & Co., of Pimlico. 
This Superheater so much used in Alsace, where for years under 
the able lead of the late M. Hirn, steam economy has been 
studied in a way that pats English engineers to shame, is made 
of gilled cast iron pipe. 

In tests made by Mr. Osbert Chadwick the following results 
were obtained on separate occasions : — 





Jan. 1898. 


Dec. 1893. 


Feb. 1891. 


Mar. 1894 


Amount of Superheat 


0° 


57° 


109-5 . 


57° 


Steam per pump HP hour 


20-98 


1971 


18-75 


19-48 


Saving eflfected, % 




60 


10-5 


6-75 



A further test with 121^ of superheat showed 15%, the con- 
ditions for the tests being sufficiently alike to make the result 
substantially represent the gain from superheating, which it 
will be noted, is progressive with the amount of superheat as 
should be anticipated. 
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In a third form of superheater, that of Messrs. Mo.Phail and 
Simpson, of Wakefield, of which Fig. 14, Plate 11, shows an appli- 
cation to a Lancashire boiler, a novel but extremely interesting 
feature is introduced. The apparatus consists of four series of 
pipes : Ist, a set in the flues ; 2nd, a length of pipe in the water 
space of the boiler ; 8rd, a second set in the flues ; and 4th, a 
second set in the water space of the boiler. In this way all the 
superheat may be taken out of the steam before it reaches the 
engine, and it would appear that such has been very usually the 
case, the steam being merely dried as the net result of its passage 
through the apparatus, or supplied superheated 8^ or 10°, an 
amount altogether insufficient to secure any serious economy. 
This, however, is a mere matter for arrangement, and if the final 
(4th) passage of the steam through the water space were omitted 
an economy at the engine would be secured, for there would be a 
considerable amount of superheat. But very excellent results 
have been secured by the apparatus in respect of boiler 
efficiency, an improvement of 80, 40 and even 48 % having been 
produced in the evaporation per pound of coal, as a result of 
the addition of the superheater. These results appear to be 
due to the fact, not so fully recognised as it might be, that 
steam tubes are very efficient absorbers of heat from flue gases, 
and very efficient as transmitters of heat to the water in the 
boiler, and no doubt these facts account for the very excellent 
results obtained by the apparatus, which, however, will act but 
little as a superheater, unless it be deprived of the final lengths 
of tubes in the boiler, or perhaps these might be run through 
the steam space, not through the water space. 

This, however, is a digression from the subject in hand, and 
it may be said, in conclusion, of the question of superheating 
that the three types illustrated have proved the entirely prac- 
ticableness of superheating and are fairly durable, that in fact 
superheating has, we may hope, finally ''come to stay," and 
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this may be partly credited to the use of mineral oils in place 
of acid-producing tallow and other animal and vegetable greases, 
whose easy decomposition was the chief if not the only cause of 
the decay of pistons and cylinders, once entirely set down to the 
90-called high pressure steam (about 60 or 801bs.) that had 
begun to be employed. 

Superheaters may be used with special fires to heat them if 
necessary, and have been so employed on the continent, and it 
may often be better to keep the superheater entirely distinct. 
It should be clearly understood how very large is the gain which 
arises from a small amount of heat applied in counteracting the 
influence of the cylinder of the steam engine. 



DISCUSSION. 



The Chairman (Mr. H. Webb, in the absence of the President) 
remarked that there was ample material in the paper for an 
interesting discussion, and he trusted that those present would 
freely state their views on the subject. 

Mr. E. G. OoNSTANTiNE had much pleasure in welcoming that 
night an old friend in Mr. Booth, and in thanking him for 
taking the trouble to read a paper before the Association on a 
very interesting subject. The Cornish Cycle had been freely 
referred to, but he scarcely thought that the table of Duty of 
Cornish Engines, by Prof. Unwin, given on Page 110, did justice 
to the old Cornish Engines, and he thought a comparison 
between the present and past results, and the means adopted by 
the early engineers to combat cylinder condensation, would be of 
interest. 

The best English performance of which he had any record 
was that obtained in 1894 by Prof. Kennedy, in testing a Triple 
Expansion Worthington Engine, made by Messrs. Simpson & Co., 
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of London, for the Hornsey Sluice Station of the New River Water 
Go. Each cylinder was steam jacketted as were also the passages 
between each pair of cylinders. The duty obtained, amounted 
to 189,500,000{t. lbs. per 1121bs. of coal, equal to l*591bs. of coal 
per pump horse-power hour. The boiler pressure was 127'61bs. 

The best American results he had been able to trace were 
both obtained with engines made by the Ed. P. Allis Co., of 
Milwaukee. The engines were three crank triple expansion, the 
cylinders being fitted with Corliss valves and steam jacketted, and 
reheaters were provided between the cylinders. An engine of 
this type at the Harrison Street Pumping Station, Chicago, was 
said to have given a duty of 140,416,679ft. lbs. on lOOlbs. of coal. 

Another of these engines tested in 1898 by Prof. Carpenter 
at Milwaukee was credited with the enormous duty of 
148,806,470ft. lbs. per lOOlbs. of dry coal, which converted to 
the English standard is 160,508,246ft. lbs. on 1121bs. of coal, 
or a consumption of only l'87lbs. of coal per pump horse-power, 
the boiler pressure being 1201bs. 

These were examples of modern practice, in which were 
presumably embodied all the advantages to be derived from the 
use of high pressure steam, and the experience of over half-a- 
century, and yet it would appear that in the actual expenditure 
of coal per pump W per hour, very little improvement 
had been effected during the last sixty years; for in 1885 a public 
test was made of the duty performed by the celebrated engine 
at the Devon Consols Mines, Cornwall, and this was given as 
125,000,000ft. lbs. for 1 bushel, or 941bs. of coal, equivalent to 
148,936,170ft. lbs. for Icwt. of coal, or l-481bs. of coal per 
pump B? per hour. As he had not the details of this 
test he was unable to say anything as to its reliability, but 
considering the emulation which existed at that time among the 
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Cornish Engineers, and the fact that the test was a public one, 
it seemed scarcely likely that such a result, if incorrect, would be 
allowed to go forth uncontroverted. 

A further instance of the good work obtained from the 
Cornish Pumping Engines at their best, was furnished in the 
earlier volumes of the Proceedings of the Institution of Civil 
EngineiBrs, in a paper contributed by Mr. Thos. Wicksteed, 
engineer to the East London Water Co. 

In 1887, this gentleman paid a visit to Cornwall (not his first) 
for the purpose of inspecting, and, if satisfactory, purchasing a 
pumping engine for his company. While in the county he 
took an opportunity of verifying the claims made for the Cornish 
engine by practically testing the engine at Holmbush Mines, 
nr. Gallington, and found it was giving a daty of 117)906,922ft. 
lbs. with 941bs. of coal, or 140,484,926 lbs. on 1121bs., equal 
to l*67lbs. of coal per pump BP per hour. The cylinder of 
this engine was 50in. diameter, stroke 8ft. 2in. ; boiler 
pressure, 401bs.; initial pressure estimated at 801bs. Cut off 
^th of stroke. Head through which the water was lifted 585*5ft. 
If this test was accepted as reliable, it showed a remarkable 
condition of efficiency, and there was every reason for believing 
that it was carefully conducted by a careful pumping engineer, 
with the full kaowledge that his figures would be keenly 
criticised by London and other sceptical engineers, so that he 
(Mr. C.) felt perfectly justified in comparing that result with those 
of the present time, and summarised they were as follow : — 





Duty in ft. Ibe. per 
imbB. of Coal. 


Coal Oontiiunption per 
pump horse-power hour. 


Best English Practioe 

Best Amerioan Practioe 

Mr. Wickstars test of Holm- 
bush Mines Engine 


139,600,000 
160,603,246 

140,484,926 


1-59 lbs. 
1-37 ., 

1-67 „ 
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The wonderful results obtained with the Cornish engines were 
attributable to taking full advantage of the expansion of steam, 
surrounding the cylinders with steam of a higher temperature 
than that of the cylinder steam, by taking the former direct from 
the boilers ; while the cylinder steam was reduced in pressure by 
wire drawing, the use of the Cornish cycle, preventing radiation 
of heat from engine, pipes, and boilers by covering with non- 
conducting material ; careful balancing of the pump rods and 
moving parts, so that they were moved with the minimum of 
effort and friction ; and heating the feed water for the boilers 
by means of the waste gases, resulting in a high rate of 
evaporation. 

That the Cornish engineers realised the importance of 
reducing cylinder condensation was further evinced by the 
extraordinary means taken to that end by providing, in some 
instances, fires round the cylinder and valve chest and under 
the steam pipe. 

The evidence adduced would appear to indicate that for deep 
pumping the Cornish cycle engine was a formidable competitor 
of even modern triple expansion engines. 

There were other points in Mr. Booth's paper he would like 
to have referred to, had time permitted, but he might perhaps 
be pardoned for expressing scepticism as to the accuracy of one 
paragraph in the paper on page 180, relating to superheating, 
where it was stated that *' in respect of boiler efficiency, an 
improvement of 80, 40, and even 48 % having been produced in 
the evaporation per lb. of coal, as a result of the addition of the 
superheater." It appeared from results obtained that the 
efficiency of the boiler and engine combined had been increased 
in some instances by superheating, but he failed to see how it 
could affect the boiler efficiency by increasing the evaporation 
per lb. of coal from say 6 to 9 lbs., or from 8 to 12 lbs. of water 
per lb. of coal (which would be 50%), or by any such proportion. 
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and he thought that in oases where the efficiency of the boiler 
was raised, as distinct from the engine, it must be due to other 
causes than the addition of a superheater and probably resulted 
from greater attention being bestowed on the firing and 
cleanliness, heating the feed water, &c. In conclusion he felt 
sure that the members would agree with him that they were 
indebted to Mr. Booth for his paper. 

Mr. B. Gbegoby said he might correct the author in his 
statement that the superheater was *' a series of simple bent 
wrought-iron tubes,'* by saying that really they were made of 
solid drawn steel. 

He had had considerable experience with the superheater 
referred to in Fig. 12, plate 9, and several times he had been 
asked, if by putting the heater behind the boiler it did not 
destroy the effect of the economiser. The fact was, however, 
generally the heat of the economiser was increased. 

Various tests of these superheaters had been made by 
Mr. Lavington Fletcher, and perhaps a few figures respecting 
them would not be unacceptable — 

A test was made on a pair of tandem horizontal engines, 
cylinders 24in. EP, 46in. L.P., 6-0 stroke, 57 revolutions, boiler 
pressure lOOlbs. 

The temperature of steam after going through superheater was 
540° average ; the temperature of steam entering H' cylinders 
475°; the distance between cylinders and superheater being 
about 50ft. and steam pipes having to pass over a roadway. The 
temperature of feed water after passing through economisers 
was 276° average, and before superheaters were applied it 
was 255° average. 

With superheated steam the saving was 12^%. All the 
steam used by engines was superheated, and no trouble was 
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found with valves or pistons, all being perfectly Inbrioated with 
the same amount of oil as used before. 

He himself tested the heat of superheated steam at 4 mills 
that day, and found them as follows : — 

480° B.P. 881bs. I 490^ B.P. 70lbs. 

510° B.P. 1151bs. I 470° B.P. 66lbs. 

He might also add that he was aware of a McNaughted beam 
engine working with superheated steam and a pressure of 120lbs., 
using only Id-Tllbs. of steam per I.H.P. per hour, as shown 
on a trial extending three days, made by the Insurance Go. 

From these and other tests it would appear that in every case 
except one, the heat of the economiser had gone up, which was 
a question they were many times asked. The reason was that 
the superheaters made a saving of from 10 to 20 %, there was 
that amount of water less to pass through economisers, and so 
caused the temperature to rise. 

Beference had been made to the Field engine, and in Bolton 
there was one which had been working for the past six months, 
but he was informed that the economical results were very far 
short of what were promised. 

Mr. Ohables Day thought the Oouncil were to be congratulated 
on having persuaded Mr. Booth to open the Session with a paper 
on the subject of cylinder condensation. Its importance in 
relation to the question of compounding or conversion of 
compound engines into triples or quadruples could not be over 
estimated; also, in connection with the question of superheating, 
which again seemed to be coming into prominence. 

There were, however, a few points in the paper to which he 
would like to refer. In the earher portions reference was made 
to the range of temperature in a cylinder being the deciding 
factor as regards the amount of cylinder condensation. He 
would suggest rather that the principal factor in the question 
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was the amount of work done daring expansion, and in proof 
of this would suggest the following example : — 

Engine — single cylinder, non-condensing, boiler pressure 
801bs., allowing 51bs. for drop between boiler and engine. 
Initial pressure = 75lb8., and this corresponds to a temperature 
of 820° P. 

Therefore range of temperature was from 820° F. to 212° F. 

If now they took a cut off at half-stroke they found that at 
the end of expansion there was about 15% water present, but 
if the cut off occurred at, say, quarter stroke, the % would be 
about 25 ; whilst if it occurred at one-tenth, it would probably be 
from 85 to 40. These figures were partly the result of his own 
experience and partly extracted from Musgrave's book, and they 
showed that although the range of temperature remained the 
same, the amount of condensation might differ widely, and that 
the condensation was more dependent on the amount of 
expansion. 

The author had stated that usually the steam in the first 
cylinder of a compound engine was wetter than in the second, 
and, as an explanation, it was mentioned that if the temperature 
at the commencement was 860°, and at the finish 212°, the 
missing 148° would go to convert some of the water into steam. 
This argument would only apply if the steam passed through 
the cylinders without doing external work, and such a principle 
was used in throttling calorimeters and for testing steam 
dryness; but in an engine working with ordinary steam the 148° 
would go towards the heat lost in doing work. As bearing on 
this question the following figures selected from reports of the 
Engine and Boiler Insurance Co., and The National Boiler 
Insurance Co., might be found interesting. 

Table showing, for different engines the proportions of steam 
at the point of exhaust opening to the total steam entering the 
engines ;; all with engines working without jackets ;— 
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ff . Int. L.P. 

•77 '79 -68 

•70 * -70 

•94 ;80 '88 

and even in one case with jackets in use-— 

•88 -827 -791 

These figures showed that in ordinary oases there was less 
steam in the L.P. cylinder than in the E? cylinder, and 
consequently the steam was wetter. 

In dealing with diagrams from compound engines^ he had 
found that, in by far the majority of cases, the weight of the 
steam and consequently the dryness, had been greater in the 
H' cylinder than in the L.P. cylinder. 

In view of the experiences and figures just given, perhaps 
Mr. Booth would oblige by giving further reasons for the 
statement that the steam in the L.P. cylinder was dryer than 
in the H^ cylinder. 

Referring to the means of preventing or modifying cylinder 
condensation, he said superheating would appear to be of great 
value, and from a point of economy he thought there could 
be no doubt that the results would be highly favourable. 

It remained, however, to be seen whether the practical 
difficulties which were met with when superheating was 
previously in vogue were now surmountable. In view of the 
fact that cylinder condensation was the main defect in 
single cylinder engines working expansively, and generally also 
the principal reason for compounding, it was evident that 
superheating would be of higher value with single cylinder 
engines than with compound or triples. Hence it was probable 
that the designs of future engines would be largely influenced 
by superheating. 
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Mr. D. Fulton said that the author had dealt very onrsorily 
with the Field engine, and he thought if Mr. Booth had 
thoroughly appreciated the possihle future value of engines of that 
type more notice would have been given to it. Perhaps one 
reason, why engines on the Field system had not been so 
successful as the originators anticipated, was that they were not 
on the right tack. Field made a point of heating the air before 
supplying it to the cylinder, probably on account of the fear that 
otherwise the initial condensation would be very considerable. 
Within the past few months, however, in engines at present 
working, the air had been drawn directly from the atmosphere. 
As a matter of fact, the result was that no such initial conden- 
sation as was feared, did take place, partly because the air was 
itself heated, owing to the pump pressure, and also on account 
of the remarkable change that took place in the chest when the 
two fluids were introduced. As they were aware, air suddenly 
compressed to lOOlbs. pressure was about double the temperature 
of steam at the same pressure, and the practice was to introduce 
the air at say 60^, and a proportion of steam at lOOlbs. 
pressure. By the compression of the air in the presence of the 
steam, the fluid mixture became about doubled in temperature 
and so vapourised the moisture in the steam, the chest becoming 
a species of small secondary pressure generator. This suddenly 
evolved body of pressure was then allowed to expand into the 
cylinder and perform its work on the piston, the presence of the 
air in the steam also retarding condensation so as to greatly 
prolong the effective working life of the steam. Granted the 
correctness of these theories they had there a sequence which 
was perfectly novel, and which if it could be practically carried 
out would effect very large economies in steam. 

The speaker had had the opportunity of watching certain of 
these experiments during the past few weeks, and the diagrams 
taken certainly indicated that the ideas of the builder were 
correct. 
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The German chemist, Nernst, in a book recently pnblished, 
curiously enough, especially alludes to the subject under 
consideration, and to the critical point in the union of fluids, 
a full understanding of which would be of immense value to 
engineers. The speaker's experience was not su£Biciently 
advanced to provide suflSciently practical data for laying before 
them that evening, but he hoped at a future time to be able to 
give some encouraging results. 

Mr. G. L. Simpson said he had to thank the Secretary for 
posting him a copy of Mr. W. H. Booth's Paper on ** Cylinder 
Oondensation," which had given him an opportunity of attending 
the present meeting. Referring to page 114 where the' author 
says that the ideal jacket would be one supplied from a special 
boiler, he might say that his firm Messrs. James Simpson & Co. 
Ltd., of Grosvenor Eoad, London, S.W., supplied to the 
Lambeth W. Works, Surbiton, in 1884, a Compound Rotative 
Beam Engine working two double acting pumps which were 
supplied with steam from three boilers. Two of these were 
Lancashire double flued boilers, 6in. 6ft. diameter x 27ft. long, 
the flues being 2in. 6ft. diameter, with four Galloway tubes in 
each, working at 601bs. per square inch. A separate Cornish 
Boiler Sin. 6ft. diameter x 14ft. long, with a flue 2ft. diameter, 
supplied high pressure steam for the jackets at lOOlbs. per square 
inch; this Engine on trial used l*541bs. of Nixon's Navigation 
coal per indicated horse-power per hour, but the benefit gained 
by having a separate boiler to supply the jackets was not worth 
the extra complication or expense. 

Superheating, A great deal had lately been said about 
Superheating, and he would try shortly to give an explanation 
of the Schwoerer Superheater mentioned by the author, which 
Messrs. James Simpson & Co. Ltd., of London, erected in 
1895 at the Kew Bridge Pumping Station of the Grand Ju^ction 
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W. Works, but during this year some oomparative trials bad 
been made which had clearly demonstrated the advantage to be 
gained by using superheated steam. 

Shortly, this Superheater was composed of cast iron tubes, 
having large corrugations both inside and outside, making a 
very strong section, the object of the former being to absorb the 
heat from the escaping gases, and the latter to give the steam 
circulating in the pipes the largest possible superheating surface. 

The Joints were patented and made in a special manner, 
special care being given to their design, as formerly the question 
of joints was a source of trouble to users of superheaters in 
Mr. EEim's time. 

It would be seen from the illustration annexed that the 
Superheater at Kew was placed in the highest part of a flue of a 
Babcock and Wilcox Boiler. Arrangements were made for blow- 
ing off the soot and dust with a steam pipe, as the superheater 
to be efficient must be kept clean. In the same way scrapers 
were necessary to ensure the feed water heaters being efficient. 

Trials were carried out with 67-7 F°, 109-6, 67' and 121- F° 
of superheat into the valve chest and comparing the results 
with the trials previously made without superheat shewed with 
109-6 F°, 10i% economy, and with 121 F°, 16 % economy. All 
the feed water was accurately measured in special tanks erected 
for the purpose. One curious trial made was to measure the 
steam used by the independent feed pump and see what effect 
superheated steam had on it ; this was done by condensing the 
exhaust steam and weighing the steam so condensed, the result 
being that the pump only used about half the quantity of super- 
heated as when it was supplied with saturated steam. 

Mr. Gonstantine mentioned the result of Mr. E. D. Leavitt's 
Louisville Pumping Engine, and the result for a compound 
engine was remarkably good. This engine was similar to the 
many large en^es designed by Mr. E. D. L^avitt s^t work iu 
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the Oalumet and Hecla Mine, U.S.A. Now the first question 
was always : what will be the cost ? Bat from what he saw when 
visiting the Oalumet and Heola Mine with Mr. E. D. Leavitt 
a year ago, they believed in having the best and paying for it. 

The same speaker also mentioned Prof. Kennedy's trial made 
on a large pumping engine, having a capacity of five million 
gallons in 24 hours against a head of 26dft. This engine was 
a Triple Expansion High Duty Surface Condensing Pumping 
Engine, designed and manufactured by Messrs. J. Simpson and 
Co. Ltd., and on trial gave a duty of 189,500,000ft. lbs. per 
112lbs. of Nixon's Navigation Coal, which was a remarkably good 
result, and one of the best results ever obtained in this country. 

He was glad to have had the opportunity of hearing 
Mr. Booth's paper which was of a very interesting character to 
all users of steam power. 

Mr. James Habtlet said the question regarding steam 
jacketting, seemed- to him to be, which cylinder should be 
jacketted? Some engineers preferring to jacket the high 
pressure, and others the low pressure. He had seen multiple 
cylinder engines with the high, others with the low pressure and 
intermediate cylinders jacketted, and it was somewhat difficult 
to say which was the best. He might have some radical ideas 
respecting receivers, in which he greatly believed, but he certainly 
thought the best way was to put a good receiver between each 
cylinder, and thoroughly break up the steam. In a case which 
came under his notice, they had some difficulty in starting the 
engines due to overloading, and being compound engines with the 
cranks at right angles, he suggested that they should increase 
the size of the receiver, and put in it a graduated copper coil, 
commencing from a small and increasing to a large coil, by 
which the difficulty was removed. The boiler pressure was 
ISQlbs., mid this pressure ^^as sent through Qoil m the receiveri 
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which would certainly re-evaporate a considerable amount of the 
water condensed in H^ cylinder. He thought if engineers would 
devote more attention to placing something of that kind between 
the high and low pressure cylinders, and the intermediate of 
triple or quadruple engines, and let steam be put 
through at the boiler pressure, they would get re-evaporation 
which was not obtained by the simple straight pipe. As regards 
condensation, a case recently came under his notice of a quad- 
ruple engine, 2001bs. boiler pressure, where there was considerable 
trouble in clearing the water from the cylinders. Steam traps 
were put at the end of the cylinders, and a considerable saving 
in fuel resulted. 

The question of jacketted cylinders having a special boiler 
was one which he and the author had discussed many years 
ago. He thought that if the cylinders were thoroughly 
jacketted and drained — a moat important factor — that the 
condensation would be reduced and much drier steam would be 
obtained than at present. In fact if this were thoroughly 
carried out, he would jacket every cylinder. A great deal had 
been said about Oomish pumping engines, but between these and 
modem cotton mill engines there was a very great difference. 
In the latter case they could not put fires in the engine house 

as in Gomwall, and therefore other methods had to be adopted. 
More attention should be paid to keeping the boilers, steam 

pipes, cylinders and receivers thoroughly covered, and draughts 

prevented from going through the boiler-house, which was an 

important point, that was shamefully neglected by many firms. 

The author had referred to the McPhail superheater, regarding 

which he could mention several instances where its adoption 

had resulted in at least 80% more duty being obtained from the 

boilers than before its application. The tests had ranged over 

several days, and by separate authorities, the results practically 

coinciding and proving without doubt the results stated. 
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Mr. W. J. Jenkins thought that, in the discttssion, it wonld be 
well to adhere as much as possible to the order in which Mr. Booth 
had written his paper, and he would therefore commence with 
the remarks that there need be no surpise at the fact that large 
air pumps were employed even in situations where gravity pipes 
could be used to drain condensers. Since a pump of considerable 
size was necessary to deal with the air and vapour, it was not 
surprising that that pump should be made a little larger and 
thus deal with the water in one operation, instead of having the 
trouble of arranging drains from the end of a gravity pipe. 
There was one arrangement of injection condenser, however, 
where the gravity pipe was almost always introduced, though 
that particular kind of condenser was not much in use in this 
country, owing principally to the comparative cheapness of fuel. 
He referred to the form of condenser, which was supplied with 
water cooled by artificial means, for use in situations where 
space was limited and water scarce. The condenser was placed 
at the top of a stand pipe 85 to 86 feet high, and the exhaust 
steam passed in just above the water in the pipe and ascended 
through baffle plates in the condenser, while the condensing 
water was introduced at the top of the condenser and descended 
through it, meeting the steam on its way up. A pump — generally 
of the rotary, or the centrifugal type— lifted the hot water 
from the well at the foot of the standpipe, and delivered it to 
the top of a wooden tower fitted with boards on .edge over which 
the water spread, and being thoroughly broken up by the boards, 
ran to the bottom of the tower in dribbles, coming on its way 
down into intimate contact with an ascending current of air, 
which cooled the water to within a few degrees of the atmos- 
pheric temperature. The air and vapour were drawn out from 
the top of the condenser by means of an air pump on the engine, 
supplied by a small pipe from the condenser. By the use of the 
^ame weight of Qondensing water a,s of feed water a vaQQum of 
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27 to 28 inches could thus be maintained, the waste being 
of course due to the vapour carried away, or absorbed ^bj the 
cooling air passing up the tower. This arrangement was much 
used on the continent for central condensing plants, into which 
the whole of the steam from several engines, steam hammers, 
and other apparatus was conducted and condensed, and the 
saving due to the use of condensation, instead of exhausting 
into the atmosphere, averaged about fifteen per cent. 

A still more common arrangement for the same purpose was 
the evaporative surface condenser, provided with the same kind 
of cooling apparatus for the condensing water, but that did not 
necessitate the use of a stand pipe. 

Mr. Jenkins was much afraid that the genius of James Watt 
was as much in danger of overpraise as that of William Shake- 
speare, for it was certain that both these men, being human, 
had not time in their short lives to think of one hundredth part 
of the things attributed to them. Watt's greatness must be 
acknowledged from his visible works, and possibly his views of 
the action of steam in a cylinder were no nearer and no farther 
from the truth than those of many engineers of later days. 

The great economy of the Cornish engine had been amply 
dilated upon by several of the speakers and he need only 
mention that many Cornish engines were working very 
economically and giving fairly good indicator diagrams showing 
considerable expansion, when actually the admission valve was 
wide open long after the apparent cut-off took place according 
to the diagram. The load upon the piston at the commencement 
of its down stroke was sufficient to accelerate the pump rods to 
a high speed in a very short space of time, so that in spite of 
the low average piston velocity, the actual velocity in early 
portions of the steam stroke was often as much as 700ft. per 
minute, and the steam was unable to follow through the 
admission valves at sufficient speed to keep the pressure up, 
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consequently there was an apparent cut-off early in the stroke, 
due to the throttling action' of the restricted area of the ports. 
The question whether this combined expansion and throttled 
admission was good or bad had never to his knowledge been 
answered. 

It might be true that Woolf did not understand the thermal 
reasons for compounding, and the same might be said, he 
thought, of modem engineers ; that was purely a matter of 
opinion and equally great authorities were stiQ ranged on the 
two sides of that controversy to-day, but he had no doubt that 
Woolf knew what he was aiming at well enough, and in 
Mr. Jenkins's opinion his results showed that he had attained 
his aim in quite a remarkable degree. It should be borne in 
mind that Woolf s engine was designed for times when pressures 
of lOlbs. per square inch were not so conmion as lOOlbs. to-day, 
and as it was even then known that expansion below 51bs. 
absolute was waste labour, Woolf had not that facility of 
choosing his point of cut-off in the high pressure cylinder that 
they had now, and he showed, not ignorance, but knowledge in 
carrying his steam nearly full stroke. Mr. Jenkins had been in 
the service of a firm which had made a considerable reputation 
by compounding beam engines working at dOlbs. pressure, either 
by Woolfing them or McNaughting them as circumstances 
permitted, and in all cases the cylinder volumes were 1 to 4, 
and steam was taken to f stroke in both cylinders. 
Great economy generally resulted. Clearances of two inches at 
each end were by no means uncommon in these old engines, and 
the effect of the <^ measuring** cylinder upon them was 
enormous. The greater part of the total work of the engine 
was done in the boiler and the thermal effect of the action 
of the high pressure piston upon the low pressure steam 
was not to be despised. He would refer to this point again 
later on. 
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On the sabjeot of jaoketting he would ask Mr. Booth whether 
he had any opinion to offer as to the proved economy of the 
Salzer type of engine, that is, an engine fitted with doable beat 
admission valves and ciroalation jackets. That type of engine 
was not much used in this country, but was greatly in favour 
on the Continent, and with good reason. He would recommend 
all interested parties to study carefully the construction of the 
jackets and ports of the Sulzer engine, and they would not fail 
to be struck with the small amouut of metal unjacketted, and 
the still smaller amount exposed to direct contact with the 
atmosphere. The steam engine was a very complex machine 
and when a man was designing one part he often overlooked 
another. The jacket was just one of those extremely simple 
things, which, at first sight, seemed to call for no designing 
ability, and thus it happened that so many conflicting results 
were obtained by its use. Was it not the case in everyone's 
experience that the same patterns of cylinder-covers and 
standards were used whether the cyUnder had a jacket or not ? 
And was it an unusual thing to find din. of lagging and non- 
conducting composition on a cylinder without a jacket, and lin. 
only on one with a jacket ? Instead of there being need 
for less lagging on a jacketted cylinder, he contended that 
there should be more, for the jacket kept the flanges and 
covers and other radiating surfaces at a much higher tempera- 
ture than would be the case without. In many cases it 
actually appeared to be forgotten that, the very property of the 
jacket was to supply heat from one surface to another across a 
body of metal, and that all heat imparted to the outside was 
dead loss. Better have no jacket at all than a badly protected 
jacket. The high temperature jacket supplied with steam from 
a separate boiler was a mistake for a simple engine, because of 
the loss during the exhaust period. It was, for the same reason, 
a mistake on the low pressure cylinder of a compound, and 
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though it had often been tried it bad not been shown to be of 
much use anywhere. This might be owing to increased outside 
radiation, for the principle seemed right for the high pressure 
and intermediate cylinders. 

Coming now to Mr. Booth's ideas of the advantages of 
compounding as described during the reading of the latter part 
of page 116 and onwards, Mr. Jenkins regretted that Mr. Booth 
did not give a little more thought to the subject, which, to him, 
appeared so devoid of mystery, for then some mistakes might 
have been avoided. It was not correct to assume that the action 
which took place in the high pressure cylinder of a compound 
engine was repeated in the remaining cylinders without 
modification. This appeared to be the view of Mr. Day as 
well as of Mr. Booth. The reason for the wetter state of the 
high pressure cylinder was a thermal one, and was so obscure 
that many engineers were unaware of the existence of such a 
reason. 

If Mr. Booth would do him the honour of reading his remarks 

when introducing for discussion the subject of the Belative 

Economy of Triple Expansion, Compound and Simple Engines 

before the Association on the Idth of February, 1892, he would 

find the matter treated on pages 26 and 27 at greater length 

than could be done during a discussion. In that paper 

Mr. Jenkins showed that with a triple expansion engine 

developing 122 indicated IP, the power developed in the 

high pressure cylinder was 100 indicated BP, of which 39 went 

directly to the crank shaft, and 61 were done upon the steam 

in the receiver and in the intermediate cylinder, while only 

25i IP were developed from further expansion of the steam 

in that cylinder, although 42 were transmitted to the crank 

• 

shaft. In the low pressure cylinder 14f IP were developed 
from still further expansion, and 40*54 were spent upon the 
shaft, leaving 18 BP finally wasted on back pressure. For 
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actual figures in heat units see Mr. Michael Longridge*s report 
to the Engine, Boiler, and Employers* Liability Insurance Co., 
for the year 1898, page 60. 

Mr. Booth agreed with the proposition that the greater part 
of the absolute horse-power of an engine was developed in the 
high pressure cylinder, but he did not follow the proposition to 
its legitimate conclusion. Nor would Mr. Jenkins himself have 
had such strong convictions on this subject if he had not been 
much employed in investigating the compression of gases and 
vapours from a lower to a higher pressure, an operation exactly 
the reverse of the action of the steam engine. If the steam in 
the intermediate cylinder, or receiver, resisted the action of the 
steam in the high pressure cylinder, then whatever heat 
disappeared from the performance of work in the high pressure 
cylinder, its exact equivalent must reappear as heat, or as work 
in the intermediate cylinder. Again, whatever steam entered 
a cylinder after the same had been working sufficiently long 
to have arrived at its normal working temperature, must leave 
the cylinder as steam, it could not leave it as water. The only 
water which could leave a cylinder was the water brought in 
with the steam, the water due to condensation to make up 
radation losses and the water of condensation due to work. 
The two latter items alone comprise all the water leaving the 
cylinder which was steam when it entered. Mr. Booth's 
diagram. Fig. 7> was erroneous, for it only showed by the area G, 
the surplus of steam evaporated during expansion, that portion 
which was evaporated during exhaust could not be shown ; 
and, as anyone who had used a Donkin's Eevealer knew, the 
evaporation during the exhaust was violent and rapid. He 
wished to emphasise Mr. Booth's statement, that the 
action of the metal alone upon the steam tended 
to make the cylinder dryer and not wetter at the finish 
than at t);ie start of a revolution. The second cylinder 
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of any kind of oompoand was not taking steam from a boiler, 
but was taking a mixture of steam, water and work from the 
high pressure cylinder, and the last of these three quantities 
was nearly always overlooked, although it had an immense 
effect in the ultimate eoonomy of the engine. It was conceded 
that the high pressure cylinder would do more work working 
simple, than itself and its two or three followers could do working 
compound, while the metal to be heated and to radiate heat 
would weigh 6 or 8 times as much with the compound as 
with the simple engine. Must there not therefore be much 
virtue in compounding to make up for all these heavy 
losses ? 

Fourteen years ago Mr. Jenkins had some experience with 
superheaters on portable engines, and the results were simply 
astonishing, so long as a careful and attentive man had charge 
of the engme, but charred oil and burnt gland packings were 
far too common for success. With gas engine oils and metallic 
packings, however, success could be assured, even with high 
degrees of superheat. He had some records of the tests of an 
engine of 150 H', which used 121bs. of steam per indicated 
horse-power per hour, the boiler pressure being 1401bs. and the 
temperature of the steam 680 degrees F. It was a compound 
engine, single acting, the high pressure cylinder being fitted 
with a trunk piston of the gas engine type. The admission 
valve and exhaust from the high pressure cylinder were worked 
by cams and were of the mushroom type just like a gas engine. 
In spite of the high degree of superheat the steam in the low 
pressure cylinder was moist. 

Mr. Henby Wbbb, the Chairman, in a subsequent communi- 
cation, said he was surprised no reference was made to the value 
of non-conducting substances with which cylinders were now 
covered, as one means to minimise condensation, and it would 
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have been interesting if any tabulated results had been given 
to show their value. 

As to the idea of special higher pressure to feed the jacket, 
there was no doubt this would be better, but would it pay ? 
And the same question applied to Mr. Booth's remark in 
comparison of English and Foreign Engineers as to methods of 
economy. After all, it was a question of pay ; first cost, 
maintenance, interest, and depreciation had to be taken into 
account, and in this country of cheap fuel the engineers gave 
their customers that which all things considered was the best. 
Mr. Booth was in error in saying '< the Field engine has never 
yet been properly tested." If there was one engine more than 
any other that had been thoroughly tested, and more frequently, 
it was the *' Field." Prof. Jameson, Dr. Hopkinson, Mr. Twigg, 
and Mr. Dixon had made exhaustive tests ; and the best result 
of which he had heard was steam consumption 19*6 with single 
cylinder non-condensing engine. At Bolton there was a Field 
engine running, and the steam consumption was 211bs., without 
air 261bs. 

As to the value of superheaters, a beam engine with Corliss 
valves to both cylinders, working 80 revolutions at 1201bs. 
pressure was recently tested by the Boiler Insurance and Steam 
Power Co., Ltd.; the steam consumption was 14*71bs., the 
cylinders were not jacketted. With superheated steam the 
consumption was 18*5. The type of superheater, Fig. 12, Plate 9, 
was first made by Messrs. John Musgrave & Sons, Ltd., of 
Bolton, nearly three years ago. They had made about 100 sets, 
all of which were working satisfactorily, the saving in several 
been quite as much as Mr. Booth states. A superheater was no 
good if what was gained by it was lost at the economiser. 

Mr. Booth, replying to the discussion, stated that in answer 
to Mr. Jenkins he thought that the Sulzer people when jacketting 
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were perfectly correct in making their jackets as complete as 

possible, and that the avoidance of air contact with any part of 

a working cylinder was wrong. It was also most necessary that 

jackets should themselves be well protected from radiation 

losses by suitable coverings. At the same time, a jacket with 

good circulation and well drained, was probably less wasteful 

when badly protected than an equally badly protected 

uujacketted cylinder, for, after all, the water formed in the jacket 

would be returned to the boiler, whereas that formed in the 

cylinder was a loss both directly and indirectly, and he feared 

Mr. .lenkins did not appreciate this point, as he (Mr. Booth) 

would have liked him to do. Nor did he see how Mr. Jenkins 

could condemn the high temperature jacket on a simple engine. 

If such a jacket prevented condensation there would not be 

much loss during exhaust stroke, because dry steam would 

absorb but little heat. The possibility of a jacket becoming a 

loss was diminished in proportion as the temperature of the 

jacket was raised, and was increased according as the entering 

steam became so excessively wet a^ to be beyond the vaporising 

power of the jacket to deal with at a sufficiently early point in 

the expansion stroke. He could not accept Mr. Jenkin's 

regret as to having overlooked the causes of wetness ratio in 

cylinders. If he would again refer to the paper he would find a 

special reference to the absolute horse-power of the different 

cylinders. Seeing that the work done on the piston was measured 

by the whole area of the diagram below the lines of initial steam 

and expansion, and that the work passed to the crank pin was 

that recorded by the closed figure, usually known as the 

indicator card, it was obvious that no explanation was needed 

further than that made, viz. : that the absolute work must be 

measured, for, as stated, there was no knowledge on the part of 

the piston as to how the duty was distributed. But Mr. Jenkins 

did not properly follow out his perfectly correct statement as to 
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as much steam leaving a cylinder as what enters it after the 
cylinder had established a normal regime. This was a matter 
of no moment, except for the mischief it caused, the difficulty 
and loss came in the fact that the steam entered as steam, 
became at once condensed to water and re-converted to steam 
only when it was too late to do any work. The heat went into 
and out of the cylinder metal, and so arrived ** at the foot of 
the fair* without having done work. The trouble was, there 
was as much leaving as entering the cylinder ; this was what 
caused the loss ; it was the absorption of heat by the water 
and the conversion of the water into steam that cooled the 
cylinder and caused initial condensation. 

Diagram 7 was not erroneous : true it only showed a part of 
the re-evaporation and this was specially so stated in the paper. 
Of course there was re-evaporation during exhaust, but jackets 
and superheaters were designed to obviate this very fact, and 
would do so, if only there was enough of superheat and a 
sufficiency of jacket temperature. 

Mr. Day had doubted the greater dryness of the later cylin- 
ders of compound engines, and had produced figures to show 
that this was not so, but while these might be correct he 
thought that when the L. P. cylinder showed less steam than 
the H^ cylinder this must he due to the extraneous losses from 
radiation, and was not what he would term a thermo-dynamic 
fact. He quite agreed with Mr. Day that wetness was a 
function of the ratio of expansion as well as of temperature 
range, but then was not temperature range after all synonymous 
with expansion ? also, the higher the expansion the greater the 
ratio of cylinder metal to initial steam, and hence increased 
proportion of steam condensed. There would not be much 
condensation with steam carried the full stroke, and tests 
carried out on such an engine would give some idea of the 
an^ount of cylinder action pn the exhaust stroke, and Qhow l^ow 
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much heat was radiated to oomparatively dry steam. The loss 
of heat by conversion into work would, of course, make steam 
wetter, but as emphasised by Mr. Jenkins, this loss was greatest 
in the first cylinder, which really did so much more work than 
appeared in the area of the coventional diagram. 

Mr. Oonstantine's scepticism as to the large economy of the 
McPhail superheater would perhaps be modified if he recollected 
that this superheater represented, he believed, something like a 
doubling of the heating surface of the boiler and that it was 
probably heating surface of a high order of efficiency. However, 
the figures were vouched for by Manchester Engineers, who had 
carried out several tests. They appeared to show that the 
particular boilers were previously being called on for a too 
high duty. 

Answering Mr. Webb he thought that he must still adhere to 
his opinion as to the lack of testing of the Field Engine. There 
had, it was true, been several tests and reports, and others not 
named by Mr. Webb, but of those he had seen, none of them, 
he thought, went to the root of the matter in the way he would 
himself like an expert in any question to report an invention to 
himself. 

He did not clearly understand Mr. Fulton's remarks. There 
was nothing novel in the application of air. A system had been 
tried, he believed, on the Lancashire and Yorkshire Railway about 
20 years ago or more. It was labelled Warsop's Patent, and 
Professor Reynolds, as already stated, had used air. Mr. Fulton's 
remarks were, he feared, too vague to allow of discussion. But 
he did not see any parallel between the Field Engine and 
that referred to by Mr. Fulton. Field appeared to aim simply 
at raising the temperature of the cylinder by blowing hot air 
through it during the exhaust stroke, and such hot air might be 
supposed to be in part a utilisation of otherwise waste heat. 
In the other system there was a claim for an economy due to a 
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little nnderstood physical phenomenon to which Mr. Fulton 
gave no guide, and it was to be observed that temperature was to 
be obtained, might they say, by a partial Carnot cycle, but until 
something can be shown very clearly, there will be a very 
natural doubt as to the benefit to be derived from an expansion 
of a fluid, which was first to be compressed by the power 
developed in the expansion. Even if a thermodynamic principle 
be acknowledged, it must be conceded that a good deal of 
economy will be required to cover the mechanical losses inse- 
parable from a compression plant. 

He had corrected his description of the superheater in accor- 
dance with Mr. Gregory's statement, and as a fact he believed 
that a good deal of wrought-iron tube was really now made more 
cheaply of steel. He quite agreed with Mr. Hartley's remarks, 
and the meeting would perhaps pardon him if he mentioned 
that a novel method of superheating and jacketting was now 
being introduced by his friend Mr. B. H. Thwaite, who was well 
known to them all. Mr. Thwaite had fully explained the system 
to him, and though he was not yet able to give a full description 
of it, he would say that by it not only could an engine be 
jacketted throughout in a very perfect manner, but the steam 
could be superheated, dried, or re-heated at any point between 
the boiler and the exhaust. The system lent itself peculiarly to 
Mr. Hartley's idea of adding heat in the receiver. It was also 
particularly suitable for the jacketting of cylinder covers, and 
so far as he could reason the matter out, he did not see any 
cause to doubt that the practical tests to which the system was 
soon to be put, would show any weak point in it, for it was 
particularly capable of regulation. 

In conclusion, he would add that his belief was strong in the 
avoidance of cylinder condensation, and the great value to be 
obtained from a comparatively small addition of heat. He also 
thought very little of any possible loss during ei^hi^ust strokes, 
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if only the water in the cylinder oould be got rid off early, for 
the dry steam would not carry off very much beat, and the 
point to aim at was an early re-evaporation of all condensed 
steam, if any initial condensation did occur, or, better still, to 
stop such condensation by the drying and superheating of the 
steam to the safe limit. 
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PISTONS AND PISTON VALVES. 

BEAD SATUBDAY, NOVEMBEB 9th, 1895, 

BY 

Mb. JOS. BUTTERWORTH, M.LMech.E., 

MAN0HS8TSB. 



The Steam Engine Piston seems to be neglected in current 
Engineering Literature. There are several works devoted to 
valve gears, also to cylinders and cylinder condensation; 
different designs of engines also form the ground work of 
several books, but the piston takes a very subsidiary p9.rt in all. 
The present paper therefore will, it is hoped, receive your careful 
consideration, and evoke profitable discussion. 

In order to thoroughly appreciate the various designs at 
present in use, it is desirable to commence with the earliest 
forms of steam engines, viz. : — ^those deriving power from a 
vacuum only. These were fitted with wooden pistons bound or 
shod with an iron rim, and were usually fitted with a leather 
washer on the top side, which curled up against the cylinder 
and formed a shallow cup which was filled with water. 
Although very defective, this form was made up to 74in. dia., 
a cylinder of the size mentioned being cast by Messrs. Newcomen 
and Cawley in 1768 for the Walker Colliery, Newcastle-on-Tyne. 
It is described in the specification as bored true and polished, 
and it may reasonably be assumed that the piston would be a 
fairly good fit to start with, the trouble commencing when the 
piston began to warp and wear, as it had no adjustability 
whatever. Between the above date and 1798 several pistons 
were made, having a recess in the rim packed with gaskin and 
similar material of an elastic nature to take up the wear. In 
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the year mentioned a patent No. 1948 was taken out by a 
Mr. Pill for a method of adjasting the packing to allow for 
wear which would compare favourably with many modem 
specifications. 

The illustration, Fig. 1, Plate 1, is copied from the original 
drawing accompanying the specification and resembles some 
types of piston valves at present in use. Three years, later a. 
piston is described which has a spring placed behind the packing 
so as to automatically take up the wear. In 1797 Gartwright 
described a piston made entirely of metal, without any hemp 
packing, but the drawing and description are not sufficiently 
lucid to allow any opinion to be formed as to its merits. In 
1802 a metallic ring forced against the cylinder by elastic 
packing is found for the first time, and Sharpies who took out 
a patent for same No. 2599, seems to be the forerunner of 
numerous inventors, each aiming to design an elastic 
piston, which would be perfectly steam tight against the 
increasing pressures of steam, and work with the minimum of 
friction. 

A few years later the prototype of the Bamsbottom ring was 
made as follows : — An elastic metallic ring is accurately turned, 
ground and cut, so as to spring outward to a larger diameter, 
a plate covering the joint in the rings is also shown, and a 
wedge piece forced in the joint by a screw to assist the ring to 
take up wear ; there are thousands of pistons at work to-day 
made substantially as indicated in this patent, and an average 
person viewing the matter from this standpoint, must come to 
the conclusion that this particular detail of the steam engine 
has not made much progress during the last 80 years. 

The first tangible advance towards a scientific solution of the 
problem was made by Mr. Bamsbottom, who describes a machine 
shown, Fig. 2, Plate 2, by means of which the exact form of ring 
necessary for giving an even outward pressure on the cylinder 
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when forced into same, can be determined. At eqnal distances 
cords are attached to the ring to be tested, and are led over 
small pulleys so arranged that the cords all pull from the 
centre ;• if a number of equal weights be attached to the cords 
it will be seen that the spring will be opened by an outward 
for<$e, which is approximately equal all round the same. A ring 
is then sprung outward so as to assume the shape thus deter- 
mined, and cords are attached to it as before, but led oyer 
pulleys placed inside the ring, equal weights being again attached 
to the cords, so as to just close the joint of the ring and, if the 
latter has been sprung to the correct shape, it will now be 
perfectly circular. The amount of pressure necessary to make 
the rings steam-tight was found to be about dibs, per square 
inch of bearing surface on the cylinder. 

I believe it is owing to the &ct that the matter was 
approached in a methodical manner, when the above ring was 
introduced, that enabled it to obtain such a preponderating 
share in the piston packings at present in use. 

In taking a general survey of the various designs of pistons 
invented from time to time, one curious feature appears to stand 
out most prominently, namely : — one half the designers seem 
to go to an infinitude of trouble to keep the steam from the 
space behind the piston packing, and the other half are just 
as anxious to get it there, an anomaly which is quite as 
pronounced to-day as it was 50 years ago. The cause seen&s to 
be that there is no generally accepted theory as to the actual 
conditions under which piston packings work. Assuming a well 
made modern piston in which the piston rings are forced against 
the sides of the recess in same, and are provided with good 
stopping pieces for the joints, so as to exclude the steam as 
much as possible from behind the rings ; the continued working 
of the engine would soon produce an atmosphere of steam 
behind them equal to the average pressure of steam in the 



160 FI8T01IB AMD PISTOM YALTB8. 

oylinder ; a oonolosion that will be taken for granted when it 
is seen that the smallest imaginable leakage oocnrring would by 
gradual growth eyentnally reaoh a point at which the leakage 
from the recess most equal the leakage mto it, which would 
eyidently be the mean pressure of the steam in the cylinder. 
Notwithstanding this it is quite possible to force the rings from 
the oylinder walls and make them pass steam, eyen when 4he 
pressure of steam behind the rings is assisted by a strong 
spring, the result being to produce a clapping sound at the ends 
of the stroke of the engine. It is thus evident that there must 
be some strong power acting to force the rings from the oylind^, 
and this can only be explained by reverting to the laws of fluid 
pressure. As all cylinders are lubricated to some extent it may 
be taken for granted that there will be a film of oil on the same. 
At the speed pistons travel, the inertia of the oil will prevent 
its being scraped off by the rings and they consequently ride 
over it. 

This point is shown in Fig. 8, Plate 8, where the film 
of oil F is exaggerated in size in order to make clear the part it 
takes in collapsing the rings. Any pressure placed on a fluid is 
transmitted by it in all directions, and when the steam pressure 
acts on the surface of the oil film it is transmitted to the face 
of the rings and that part of the cylinder opposite. 

Owing to the extreme thinness of the film this action will to 
some extent be neutralized by capillary attraction and friction 
between the surfaces, but the result will, no doubt, be to give a 
diagram of collapsing pressure as shown in Fig. 4, Plate 4, 
under the most favourable circumstances for producing it. The 
height of the figure would be reduced and equalised propor- 
tionately to the thinness of the film between the rings and the 
cylinder. Given a constant thickness of the oil film, which will 
generally be obtained where the sight-feed lubricator is used, 
the collapsing pressure lyill vary with, and possibly equal, but 
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cannot exceed the mean of the pressares on each side of the 
piston diagrams ; Fig. 6, Plate 4, and Fig. 6, Plate 6, give this 
variation in the high and low pressure cylinders of an ordinary 
compound engine. They are obtained by taking the mean of the 
pressures on each side of the piston at several parts of its stroke ; 
a curve is then drawn through the points thus obtained, and if 
the engine is working under a constant load the diagrams of 
each succeeding stroke will be alike. It will be noticed that the 
curve commences and finishes at the same pressure, so that 
there is no sudden change of pressure on the face of the rings. 
At the same time it is probable that capillary attraction inter- 
feres very much with the actual amount of collapsing pressure, 
tending to lessen it and also the amount of variation. 

Having thus stated a probable theory as to the conditions 
under which piston packings work, it is proposed to examine the 
various methods adopted to meet same in different types of 
Pistons. 

The first type of Piston in which gaskin or similar packing 
was used could scarcely be said to work under the conditions 
mentioned, being of a fibrous nature at first, and afterwards 
becoming a solid mass with little or no tendency to fill the 
cylinder. 

Coming to the simplest form of metallic ring, as patented in 
1815, and elaborated in later years by Mr. Bamsbottom, we find 
there is no provision made for taking up the wear between the 
edges of the ring and the sides of the groove in the piston, con- 
sequently the steam has practically free access to the back of 
same, and this added to the pressure due to the spring in the 
ring, soon causes considerable wear, especially if all the rings 
are in one groove, or where only two are used. If four or more 
rings fitted in separate grooves are used, the wear is very much 
reduced, owing to the balancing pressure on the face of each 
ring approximating more closely to the pressure behind same. 
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That this is the case may he proved from the following: — 
each ring does its share towards preventing leakage, and in so 
doing stores. up the steam as it were, between itself and those 
rings which are nearest to the pressure side of the piston. 
If the rings do equal work in preventing leakage, and 
assuming that the piston is steam. tight, the fall of pressure 

hetween each ring = ^ , where p is the difference in the 

w — 1 ^ 

pressure on the opposite sides of the piston and n the number 
of rings. 

Beferring to the theory just enunciated respecting the 
pressure transmitted to the face of the rings, it will be apparent 
that the smaller the fall of pressure between each pair of rings 
or, in other words, the more the steam is dammed up the greater 
will be the pressure transmitted by the oil film to the face of 
rings and tending to balance same. Perhaps the best example 
of this is in the ordinary gas engine piston which is more 
severely taxed than the steam engine piston, yet can be kept 
fairly tight for years if well cleaned at frequent intervals. 

The next type of Piston packing which received the attention 
of steam engine designers took the form of segments and wedges 
of every conceivable shape, but mostly arranged as in Fig. 1, Plate 
1, so that they could be adjusted without removing the junk ring. 
The absurd length to which this type was carried may be gauged 
from the fact that one made on this principle had four segments, 
eight plates, ten wedges, eight springs, fourteen pivots, one 
cam and a conical ring, together with a body which was bound 
together by five grooved ombossments. Its lack of elasticity 
and comphcation no doubt led to its abandonment, and the 
segment ring is now less in evidence than any other type. It 
would therefore be useless to examine the conditions under 
which it works, although it has doubtless served its purpose in 
giving ideas to makers of metallic packings for piston rods. 
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The piston packing invented in 1888 by Mr. Ooodfellow may 
fairly lay claim to be considered the foreranner of the modem 
type of piston. It consisted of two outer rings or castings 
bevelled on their inner edges, and enclosing an inner ring 
having saw-gates cut on its outer surface to render it pliable. 
The latter was also bevelled to suit the casings, thus giving an 
outward pressure to the cylinder walls together with a pressure 
tending to keep the, rings a tight fit in the recess in piston, and 
if properly proportioned would, no doubt, give a fairly steam- 
tight and elastic piston. 

The aim of Engineers generally seems to have been directed 
towards compassing the results obtained by Mr. Goodfellow, by 
means of a spring or springs of various forms, and although 
it may be said that thousands of various kinds and shapes 
have been designed, still few are agreed as to which is the best, 
or whether the best has yet to be invented, while others, though 
they are in a minority believe in steam packing behind the 
rings to obtain the same object. 

Within the scope of the paper it would occupy too much time 
to examine even half the varieties which have been designed. 
It is proposed, therefore, to notice only the most common types 
in use at present, dividing them into two classes as above 
mentioned. Those which are steam packed have a great 
pressure behind the rings at the commencement of the stroke 
as will be seen from Fig. 7, Plate 5, in which the indicator 
diagram is superposed on Fig. 5, Plate 4, ordinates taken at any 
point of the shaded portion giving the minimum amount of 
pressure behind the rings at that instant. The result is that 
the cylinder is often found to wear larger at the ends than 
in the centre. Gas engine cylinders notably are affected very 
much from the above cause. 

On the other hand, those which exclude the steam from 
behind the rings in a more or less perfect manner have a much 
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smaller positive net pressure behind and the negative pressure 
which occurs at the latter end of the stroke vill nearly 
balance it, see diagram Fig. 8, Plate 5, in which the pressure 
of steam in the recess behind the rings is also superposed on 
Fig. 5, Plate 4. 

The net amount of pressure exerted on the cylinder by the 
rings is thus nearly equal to that given by the spring. 

Looking at the matter in a broad light, the fittest is bound 
to survive, and the above mentioned transition during every 
stroke from a positive to a negative pressure behind the rings, 
seems to account for the continued increaae of those varieties 
of piston packings in which the spring gives the rings a strong 
pressure against the sides of the groove in the piston. The friction 
thus generated between the surfaces forms a kind of latent 
resistance to the motion of the rings, which would otherwise 
occur with every change in the balance of pressure on same. 
The spring at the same time has an active outward pressure 
tending to keep the piston steam-tight, and though the friction 
on the sides of the groove in the piston is sometimes so great 
that the spring scarcely seems to have any power to open out 
the rings when the piston is at rest and cold, the vibration 
always present in a running engine will cause the spring to 
exert its full force on them in the above direction. 

The **Mather," **Buckley," "Lancaster" and similar pistons 
all act as above described, and as there are so many thousands 
in use a detailed description of each is omitted. If the most 
modem types of steam-packed pistons are examined, it will be 
found that attention is principally directed to minimising the 
pressure on the back of the rings by only exposing part of their 
surface to its action, as in Fig. 9, Plate 6, or by bevelling the 
back of the ring so that part of the steam pressure acts to force 
the ring against the side of the groove in which it works, as in 
Fig. 10, Plate 6. 
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There is another aspect of the subject, namely, the manufac- 
tore of piston packings, which has not yet been noticed, if the 
mention of Mr. Bamsbottom's apparatus is excepted. No hard 
line can be laid down as to materials, as they have to be altered 
to suit different conditions, and it is not intended to detail the 
manufacture of one type to the exclusion of others, but generally 
speaking, it is of the utmost importance that the parts be as few 
as possible, and few pistons are at present made with more than 
two casings or rings and one spring. The spring should also 
have a good bearing sur&ce on each ring, otherwise its inertia 
will cause it to chafe at each end of the reciprocating motion of 
the piston. 

Another feature which seems to bear out the theories given 
as to the conditions under which piston rings work is the 
tendency towards narrower rings; the narrower they are, 
the less total negative and positive pressure is exerted on them 
by the steam, consequently a weaker spring is required, and 
packing hriction is thus reduced in proportion to the width. 
Again it enables the narrowest width of block consistent with 
strength to be used, as if the width is kept up it increases the 
amount of bearing surface on the piston block. The stopping 
pieces which cover the joints of the rings should also be ledged 
or otherwise arranged, so that it is impossible for them to work 
out, in addition to which they are less liable to wear if fastened 
at one end to the ring. The mention of bearing surface brings 
up the vexed question of tail rods. If a piston fitted with tail 
rod be taken out of its cylinder and placed on two supports, one 
to take the place of the crosshead and the other that of the 
tail slide block, it will be found that the rod is bent from -j^in. 
in the small sizes up to {in. in the cases of large pistons and 
long rods. A cylinder must thus wear to the amount stated 
before the weight of the piston can be taken by the slide on 
which the tail rod rests. This is no new theory, as it has been 
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arranged for in many cases by cambering or bending the rod, 
so that when placed on two supports with the piston in position 
it lay perfectly straight; at the same time, hundreds of tail 
rods have been fitted just as they came from the lathe, and 
have very often brought the appliance into disrepute. 

Owing to the necessity for providing sufficient bearing, pistons 
are seldom found so narrow as to be weak, still there is plenty 
of room for improvement in their general design. They must 
be as light as possible. A common fault in coring them is to 
form a thick rib opposite every bolt where one opposite every 
other bolt would do. In coring out the piston the air should 
be got out, and the cores supported at prints placed on the face, 
against which the junk cover bolts, and between each bolt hole. 
The cover makes up these holes when in position, and no plugs 
are needed, a fruitful source of breakdowns being thus avoided. 

Just recently at least one engine has smashed in 
Manchester, owing to a screwed plug working out and getting 
between the piston head and cylinder cover. In casting the 
larger pistons care should be taken to cool the centre first, or a 
cracked piston will be the result when the rod is forced in. 

The methods by which pistons are fastened to their rods are 
like the packings, various, but the only two which are exten- 
sively used are the nut or the cotter. In both cases the taper 
of the hole in the piston should not be less than lin. to the foot, 
otherwise it may split same, and is liable to gall and fasten if 
driven thoroughly home. 

In cases where very wide pistons are used, rather than 
decrease the above rate of taper it is advisable to taper half 
only of the hole, leaving the remainder parallel. If a nut bo 
used to fasten the piston to its rod, it should always be secured 
either by a good sized copper pin through both nut and rod, or 
by some other good method of nut fastening. 
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If a cotter be used the worst possible method is to make the 
cotter hole through the centre of the width of the piston, as the 
cotter has to be so long that it cannot be removed unless the 
piston is clean out of the cylinder, and it is also liable to work 
loose and get on the back of the rings. The proper method is 
to slot into the piston from the small end of hole in same, which 
is almost invariably the junk cover end, by so doing the cotter 
is easily got at, and when the junk cover is in position it effec* 
tually prevents the cotter working loose. 

Looking forward it is probable the nut will yet be the only 
recognized fastening, as in all probability the cast iron piston 
will be supplanted by the mild steel one, the most convenient 
form of which is a flat truncated cone, and which is most 
suitably fastened with a nut ; its introduction into land practice 
will be deferred till steam engine makers jacket all their cylinder 
covers, and thus do away with the injurious effect of the 
increased surface involved in the use of the above form of piston. 

Turning from the piston to the piston valve a different set of 
conditions are met with. 

Beverting to the theories stated respecting the action of rings 
working in the cylinder : in this case, the pressure behind the 
rings is easily determined as it is nearly constant on each side 
of same, the boiler pressure being on one side and the exhaust 
pressure on the other, so that the probable pressure behind the 
rings, if these are well fitted, will be the mean of the two 
mentioned. On the outside the pressure will be constant and, 
as shown in Fig. 4, Plate 4, where p and p^ represent the 
pressures on the opposite edges of the rings when the latter are 
not working over ports. Immediately the rings come over the 
port they get the full boiler pressure on the outside if opened to 
steam, and the exhaust pressure when opened to exhaust. The 
variation in pressure is thus very large, much larger in fact 
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than with steam-packed rings when working in the cylinder, 
and special precautions have to be adopted to combat same. 

The first type of piston valve as made by Barton in 1816 
had no provision for taking up the wear and would probably be 
abandoned on accoant of leakage. Several attempts were made 
to utilize the piston valve after the date mentioned, and its 
advantages seemed to be fully appreciated, one engineer urging 
its use on account of its perfectly balanced properties, possessed 
by no other form, also its great length of cut-off edge compared 
with the size of valve used. Other advantages are that it is 
easily lengthened so as to render the ports as short as possible, 
no more machine work being entailed than when the valve is 
made in its shortest form, also, if good tools are employed the 
whole of the work may be done in the lathe and expensive 
hand work done away with. 

The first successful type of piston valve, was that invented 
by McNaught, of Bochdale, in 1850, and may be said to take 
the lead of other types of valves in most particulars. One 
piston valve controls the admission, cut-off, release and 
compression, and in fact fulfils the duties performed by four 
valves of the " Corliss " type. In addition, it is positive in its 
motion, which is derived from an eccentric as regards the 
longitudinal motion, and from a cam as regards its twist motion, 
which latter determines the point of cut-off, the other duties 
being performed by the longitudinal motion. The shape of the 
valve is well known to engineers, and has similar ports in both 
valve and valve box. The cut-off is very rapid, and acts in a 
similar manner to the ordinary grid slide valve. Adjustment 
to provide for wear is made by means of a screw and bridle, 
acting as a wedge to increase the diameter of the valve. 

Since the above valve was first made, few attempts have been 
made to adopt the piston valve by land engineers, probably 
owing to the difficulty experienced in keeping it steam-tight. 
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On the other hand they are very largely ased in Marine practice, 
the low-pressure cylinders having two valves as a role so as to 
give a large area of ports compared with the size of the valve. 
The packing for them is shown Figs. 11 and 12, Plate 1, and 
consists of a ring famished with inside logs ; a piece is shaped 
oat between the latter and a strip of brass fitted in the space 
thas left. As the ring wears, the brass is taken oat and its 
thickness augmented by sheet tin or other material, and the 
bolts screwed ap tight, making the ring a solid block slightly 
larger in diameter. 

The Willans engine also distributes its steam by means of a 
piston valve, which is kept tight by the use of rings springing 
inward and very like an ordinary Bamsbottom riiig. Here 
again is an example of the extraordinary simplicity of the 
piston valve as compared with others. One valve controls the 
steam and exhaust for three cylinders and is worked by a single 
eccentric. 

In recent practice it has been found possible to make a 
packing for piston valves which shall be capable of resisting the 
great collapsing pressure thrown on same when working over 
ports, and at the same time only exert a moderate pressure on 
the valve box and sides of groove in piston valve. 

The result might be attained by making the rings so tight in 
their grooves, that the collapsing pressure would not effect them, 
but owing to the excessive amount of the latter, the rings would 
be so tight that the spring would have no effect on tbem 
whatever, and consequently no aatomatic adjustment for wear 
would take place. The required effect can only be obtained by 
creating the desired amount of latent friction in the spring itself. 

The principle involved in doing so is similar to that which 
takes place when a rope is coiled round a hydraulic capstan. If 
the rope goes only once, or even twice, round the capstan, the 
hauling power is but little more than the pull everted by the 
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man. If it is coiled three or four or more times round, the 
friction is enormously increased at each turn, and renders it 
quite possible for the man to pull 100 tons along. 

Here then is the principle which must be applied to the 
piston spring. When it is coiled only once or twice round 
inside the piston rings, the resistance to collapse will practically 
equal the outward pressure exeried by the spring, but if coiled 
say six or seven times round, as shown in Fig. 13 and 14, 
Plate 7, the resistance to collapse will be enormous, compared 
with the active outward pressure exerted by the spring. 

It may be asked, ** how can this be proved ? " In estimating 
the strength of a boiler it is well known that the total sum of 
the outward forces acting along either half of its circular 
section, when resolved at right angles to any line passing across 
the centre of the section, are equal in amount to the length of 
the line. In other words, if *< D *' be the internal diameter, 
and / 1 the strength of the boiler shell, while p represents the 
bursting pressure, then 2ft. = T> p. 

In the same manner, if a set of piston rings be encircled by 
a clip in halves, as shown in Fig. 15, Plate 8, and two spring 
balances be employed as shown, the sum of the pressures 
registered by these will represent the pressure exerted by the 
rings on the inside of each half of the clip, or, as the pressures 
are bound to be equal in each balance, four times the pressure 
registered by one gives the total outward pressure exerted by the 
spring inside the rings. 

A more convenient form of testing apparatus is shown, Fig^ 
16, Plate 8, only one balance is used, and, as in large pistons, 

the force to be measured is very considerable ; a pair of tongs 

T 
are introduced, to give the balance a leverage of -7 times the 

t 

actual force exerted to close the testing clip, where T — the 
long end, and t the short end of the steel yard formed by the 
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toDgs. If the apparatas be applied to a set of rings haying a ooil 
suitable for resisting collapsing pressure as required for piston 
valves, it will be found that on tightening the spring balance so 
as to close the rings, a very great pressure will be registered 
before the joint A is closed. On slackening the balance it will 
be found that the index will come down to a very moderate 
amount before the joints begin to open again. The difference 
thus obtained between the maximum pressures needed to close 
the joints of the rings, and the point to which the balance falls 
before the joint begins to open out, gives the amount of the 
friction generated by the spring. 

It is found that a resistance to collapse of 2001bs. to the 
square inch can be combmed with an active outward pressure 
of less than 21bs. per square inch; this is sufficient for all 
practical purposes, and if care is taken in fitting the rings to the 
valve no trouble need be encountered in working after the rings 
get thoroughly bedded to the valve box, after which there will 
be less wear and tear in connection with them than with any 
other form of valve. Figs. 17 and 18, Plate 9, show an 
ordinary cylinder fitted with a piston valve having an internal 
cut-off piston valve working through same ; it will be noticed 
that there is a very small clearance between the main and 
cut-off valves, and the connections to the eccentrics are exactly 
as with ordinary slide valves. 

In conclusion the author thinks that enough has been said to 
show that the subject of piston and piston valve packings is at 
present in a rather obscure state, and it is the desire of the 
writer to provoke discussion on it, in the hope that others may 
be led either to study the question more closely, or to put the 
result of their observations and experience in a concise and 
methodical form for the use of engineers generally. 

It is not of very great moment perhaps to feel sure that one's 
theories agree with others. But it is an aln^os^t essential point 
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that a theory of some kind be adopted in making a research, 
otherwise one appears to be wandering aimlessly, and is unable 
to classify the varioas data which come into his possession. 



DISCUSSION. 



The Chatbman (Mr. T. Daniels) in opening the discassion 
said they were all more or less familiar with the question 
brought forward by Mr. Butterworth, and he was sure they 
would not need pressing to give their opinion upon the very 
interesting paper which had been read. The question was a 
very important one, and there was no doubt the piston valve 
had been too much neglected. As long as the piston worked 
all right, they had thought the slide valve should work along 
with it, but they were now beginning to see the piston valve 
was quite possible. It was now being adopted and brought into 
pretty general use, as for instance by locomotive engineers, 
who were using it to a considerable extent. It had been tried 
many years ago by Mr. Beattie, on the L. & S. W. By., but did 
not seem to work very weU, and was given up. At the present 
time Mr. Webb and others were trying it, and were, he under- 
stood, getting it somewhere near perfection. The circular valve 
was in 1854-6 put into Nasmyth's old steam hammer by 
Mr. Bobert Wilson, and it immediately did away with the screw 
and hand motion which they had seen on these old hammers. 
By using the small circular valve, a man could manipulate it, 
and work the whole apparatus to a nicety. It made a wonderful 
change, and he believed Mr. Wilson claimed the invention 
ascribed to Mr. Corliss. A great deal might be said as to the 
durability of. circular valves, and he might add that his firm 
had taken a great many slides off hammers at iron and steel 
works, and put on circular valyea* With regard to having ste^m 
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behind the piston rings, MoConnell was, he believed, one of the 
first to put it in that way in his locomotives, and he had seen it 
himself in 1866 when he was a boy. The pistons were working 
with steam behind the rings, which were made on a roll, 
something like the Ramsbotfcom rings. The rings worked 
very well, and could be put in any kind of cylinder. 

Mr. Oeoboe Saxon said the paper ought to give rise to a very 
profitable discussion. Mr. Bntterworth, he supposed, considered 
the manufacture of pistons quite perfect, or else he would not 
have started the theory about the film of oil. The film of oil 
must be so very infinitesimal, being put into the cylinder by a 
sight-feed, drop by drop, every second or so, that they could 
hardly attribute the clapping action to it. The knocking of the 
ring at the end of the stroke appeared to be due to some other 
cause. In his opinion, the cause probably lay in the fioict that, 
as the piston which was able to pass steam behind the rings got 
to the end of the stroke, the pressure behind the rings was 
reduced to its lowest point, as well as the steam behind the 
piston. Then the stroke was reversed, and the full pressure of 
steam put against the piston, which would, he thought, amply 
account for the clapping of the rings ; unless, indeed, it was 
caused by a ledge at the edge of the cylinder, or by coming over 
the ports, as occured in some defective cylinders. In proposing 
the film of oil theory the author seemed to him to be running 
the matter to such a fine point, that if they could only account 
for the clapping by such a small thing as that, they had now 
got a practically perfect piston, and engineers would have a 
very heavy task to improve upon it. No doubt they often wished 
they could look inside a cylinder and see how it was working. 
An improvement in piston packing that had come before his 
notice recently appeared to have exceptional merit. It consisted 
of two springs placed together in the rings in such a manner 
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that the springs formed a kind of hinge, giving, according to 
adjustment, more or less vertical and outward pressure to the 
rings. He did not think they had got to quite the highest 
point in the manufacture of pistons, and no doubt, the experi- 
ments that were being carried on by the best makers would 
result in a further improved type being brought out before long. 

Mr. John Taylob questioned whether there was a real 
necessity for any packing, and thought engineers should be 
given credit for the invention of tools by which they could bore 
out almost perfectly true cylinders. More money had been 
wasted in connection with springs, &c., for pistons than in any 
other article in engineering practice. The best way was to get 
a cylinder as true as possible and put something in it that would 
just move, and then they would have the best piston obtainable. 
The making of packings, &c., was simply trying to make up for 
the imperfect boring of the cylinder. Twenty years ago he 
adopted a plan of putting in cylinders up to 12in. diameter 
without any packings. He took care to have the cylinder as 
parallel as possible, and that in fitting the piston there should 
be no slackness in any way. If such occurred, a new boring 
was made, and he found he could run engines with a third more 
power, without packing springs, than he could with them. In 
cylinders up to 18in. diameter, a plain piston with two or three 
grooves to carry the lubricant was the best. In his opinion 
there was no virtue at all in having rings for small cylinders. 
They should get the best power out of their engines they could, 
until the cylinders showed signs of wear, and then re-bore them. 
Great progress had been made in the true boring of cylinders 
and finding pistons to fit them well, independent of packing 
rings, &c. He was glad to see that the author had given Mr. 
McNaught credit for his valve. He had worked one for twelve 
years, without it showing any sign of deterioration, the piston 
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being the best he had seen for maintaining a trne position. 
It had two actions — a vertical and a twisting action, which was 
the right thing for keeping it straight. He did not know of any 
valve to-day working so well as McNanght's. There was no 
direct pressure in it, and the mechanical construction was better 
than in any other with which he was acquainted* 

Mr. Alfred Saxon did not agree with Mr. Taylor's anim- 
adversions on the question of packings, which were almost as 
necessary in the small as in the larger sizes of pistons. His 
excuse for speaking was that their firm originally started as 
piston makers. An engineer who had not his own patent piston 
was free to recommend to a customer what he thought 
was the best piston. Speaking from his own experience, he 
would not recommend an adjustable piston, such as the 
Lancaster or the Buckley, where there was a careless engine 
attendant. The engine attendants should know the nature of the 
different types of piston, and be able to examine and clean them. 
If they placed such a piston in the hands of a careless attendant 
it would give worse results, after a time, than other types, as 
for instance, the ''Mather." Supposing, however, he was asked 
which was the best, and it was to be under the supervision of a 
skilled and competent engineer, he would advise the adoption 
of an adjustable piston. There were several points to be con- 
sidered in connection with piston manufacture and working. 
One was economy, that was, steam-tightness with the least 
amount of fricton. Others were the durability of the piston, 
simplicity of construction, and safety in working. With 
reference to the theory of the film of oil which the author 
had given them, he certainly could not see it himself, but still 
he looked upon it in another or an ^* extra " light to that in 
which his brother had done. It was well known that makers of 
adjustable piston packings told their customers that they could 
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pat their piston rings in an old cylinder, sometimes when the 
cylinder was so hadly worn as to require re-boring. In sach 
cases there was no wonder that where new packings were applied, 
there was room for this film of oil, sufficient to allow the fluid 
pressure to take effect in the manner described by the author. But 
assuming the case of a newly bored cylinder and piston, there 
would scarcely be any collapsing such as had been referred to, 
unless it was owing to some defect in the construction, as had 
already been pointed out. He had himself come across cases in 
which there had been this clapping of the rings in the cylinder, 
but had attributed it to the fact that the rings worked round 
gradually and got into different positions in the cylinder. This 
might arise from a difference in the shape of the cylinder in 
various parts of it. There was such a small amount of 
oil used per stroke from sight-feed and other drop lubricators 
that it could scarcely be sufficient to account for the clapping, 
which was due rather to untrue cylinders, and the rings 
working round to a position in which they had not bedded 
themselves. Another reason that might be given was that in 
the changing or reversing at the end of the stroke, particularly 
in high speed engines, this result might be caused. The author 
told them in one paragraph that there were thousands of a 
particular kind of piston in use to-day, viz : the one constructed 
with wedge adjustment; he (Mr. Saxon) did not think there was. 
It would be a great surprise to him if he should find that there 
were thousands of that type in use. Then the author said it was 
owing to the fact that Bamsbottom approached the matter in a 
methodical manner that his ring became generally used. In the 
speaker's opinion, it did not matter how methodically he 
approached the subject if the principle was not a good one. He 
quite agreed as to the leakage of steam inside the piston being 
equal to the average pressure of the steam inside the cylinder. 
Messrs. Buckley, of Sheffield, had constructed £^n engine to test 
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this, and had a hollow piston rod and a steam guage fixed on the 
end of the piston rod. The results bore out the author's state- 
ment, so that he thought his diagrams might be taken as correct. 
Another important question which had received a good deal of 
attention was that of tail rods, but the author seemed to have 
overlooked one point in connection with it. He asked them to 
take a piston and support it on two supports, one to take the 
place of the crosshead and the other that of the tail slide block, 
and see what the deflection was. The author, however, did not 
take into account that under ordinary circumstances the piston 
rod was supported in the glands, and the deflection was not 
as great as stated. In cases where metallic packings were 
used, as in the United States, and similar designs, the deflection 
could be taken as pointed out by the author, but with regard to 
cambering the rod, it was not worth, in his opinion, the while 
of practical engineers to go into the matter. The advice 
given by the author with regard to the construction of 
pistons was very acceptable. Every firm had ideas of its own 
which it did not communicate to others, but Nfr. Butterworth 
had given them suggestions drawn from his own experience 
which the members could not but regard as valuable. 

Mr. D. Fulton did not quite agree with Mr. Saxon in giving 
unqualified praise to the modesty of Mr. Butterworth, who, in 
his opinion, almost carried that virtue too far. To people like 
himself, who were not manufacturing engineers, a great deal of 
information and benefit would have been afforded if the author 
had given a full description of the particular piston in which he 
was interested, and then some other gentleman might have 
given them an account of the type to which he, in turn, pinned 
his faith. Thus the members would then have had the merits 
of both placed fully before them. With regard to one of the 
points raised by Mr. Saxon as to the glands being the points of 
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support, he (Mr. Fulton) did not think that should be so. He 
knew of many cases where the glands did not give any positive 
support at all, but were flexible and specially arranged to follow 
the oscillations of the piston rod. 

Mr. W. H. Hunter said he wished to put a question as to 
the practical working of the piston valve, and as to the defects 
(if any) which the author or others present might have dis- 
covered in the working of any such valve as had come directly 
under his or their notice. This was a matter of practical 
importance to him. He was just now constructing at the 
Docks at Manchester, a new hydraulic installation. Some 
considerable difficulties had attended the undertaking, and it 
was consequently not in quite so forward a state as it might 
otherwise have been, but he hoped before many weeks or 
months were over to be able to ask the members to inspect 
the installation, and tell him what they thought about it. He 
was putting into that hydraulic installation at Mode Wheel two 
sets of triple expansion engines, which would, he believed, be 
excellent as regards workmanship, as they certainly were in 
their type and design. In connection with this plant, he had, 
after considerable investigation, determined to provide in the 
specification for the employment of piston valves on each of the 
high pressure cylinders. He had heard that night from one 
gentleman and another, including the Chairman, of the excellent 
results they had obtained in the working of these valves, but 
he would be pleased if someone could now tell him what 
difficulties, if any, there were in the working of piston valves, 
because if the reduced cost of maintenance and the efficiency, 
and other points were so entirely in the favour of these valves, 
he would like to know why they ever made valves of any other 
form. He was not referring to cases of small engines, in 
which the question of weight, space, &c., came into consideration. 
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He was simply asking was there anything behind, was there 
anything which those who used high pressure engines, who 
depended upon these engines for the conduct of their trade, 
had to dread in connection with these valves, and if not, why 
they as practical engineers, did not use them more generally 
than was apparently the case. 

Mr. T. Mannock said (in reply to Mr. Hunter) there were several 
very good reasons why Lancashire Engineers did not adopt the 
piston valve. In the first place the corners of the ports were 
very liable to crack, and this might cause an accident if the rib 
caught the end of the packing ring, which was often very sharp 
from the effects of wear. Besides this, the packing rings were 
made practically solid by screwing up the joint with a packing 
piece between, as described by the author of the paper. In 
adjusting the fit of this packing piece so as to get the rings 
steam tight, while still sliding easily, there was always the 
possibility of making the pistons too tight, and so galling the 
surfaces and breaking the valve motion. If they were left slack 
enough to be safe, then they were not steam tight. Mr. Saxon 
had told them that it was ridiculous to expect a solid piston to 
remain steam tight, however well fitted in the first instance ; 
and yet this was a solid piston which had only the one recom- 
mendation that it could be made larger when worn. They 
might make such a valve nearly steam tight for a limited 
time when working in a vertical position, but in a horizontal 
position it could not possibly remain tight on account of the side 
wear due to the weight. The casing would soon become oval and 
then no adjustment of the packing piece would be of any avail. 

In Lancashire, the mill engines were nearly all of the 
horizontal type, and so if they adopted piston valves for them, 
they would have to be put in the very worst position a piston 
valve could be placed. Of course if the helical spring described 
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in the paper coold be made to work it would do away with one 
very great objection to the piston valve. He (Mr. Mannock) had 
made piston valves with an ordinary Mather and Piatt spring 
and two packing rings with a diagonal sht at the side. They 
were a steam tight job, but the comer of the sht which formed 
an acute angle got into trouble, and they had to be thrown 
away, and one packing ring substituted with the coil inside. 
This surmounted the trouble from breakage, but had no power of 
keeping the joint tight between piston body and packing ring. 
Therefore, this could not be considered a satisfactory 
arrangement. 

If it were only desired to get a balanced valve there were 
plenty of slide and other valves which gave perfectly satisfactory 
results. There was Wilson and Ohild's valve, to which the 
Chairman had referred, as solving the problem of an easy 
working valve for steam hammers. He (Mr. Mannock) 
remembered a pair of these valves put in by Mr. Wilson when 
at Low Moor. The pin at the end of lever working the valve 
was made with a round knob upon it, and they could take hold 
of this knob and turn the pin round, while the engine was 
working under a high pressure of steam, showing there was very 
little friction upon the valve. How they were for being steam 
tight he could not say. There was also Mr. Wilson's slide valve 
with a saddle at the back, which was let down with a scraper 
until the valve could just slide without friction. He (Mr. Man- 
nock), about 20 years ago, had designed four large winding 
engines for the Duke of Sutherland with valves of this type. 
They had answered very well indeed, and were so light to work 
that a boy of 12 years old reversed and handled the engines with 
ease at the official infection, although they were the most 
powerful winding engines in this country at that time. Then 
there was Dawes and Holt's valve, with a relief frame at the 
back. He had made a great many of these from 1872 to 1878, 
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and they were working perfectly at the present time. The relief 
frame was something like a picture frame which worked against 
the inner surface of the valve chest cover and excluded the steam 
from the back of the valve. The frame was joined to the valve 
by a thin steel diaphragm which gave an elastic pressure to the 
frame, keeping it up against the valve chest cover and excluding 
the steam. A stop cock was screwed in the chest cover, which 
communicated with the cavity behind the valve, and with this 
cock open to the atmosphere there was only a small breath of 
steam visible, showing that the frames were quite efficient. 
Formerly the fatty acids of the lubricant used to destroy these 
thin steel diaphragms, but since the introduction of the 
improved mineral cylinder oils this trouble had disappeared, 
and they would now last as long as any other part of the 
cylinder mechanism. He mentioned these three types to show 
that a good balanced valve could be made without resorting to 
piston valves with their known defects. 

Mr. Saxon had spoken of piston rods for horizontal engines 
with back sUde, and having the piston rod cambered -to 
counteract the weight of piston, and said it was not worth the 
trouble. He (Mr. Mannock) had come to exactly the opposite 
conclusion. With a 40in. cylinder, 6ft. stroke, the piston 
would weigh about a ton, and the rod being 18 or 19 feet 
between supports, it was clear the piston must drag on the 
bottom of the cylinder unless it was supported by the glands, 
which was quite inadmissable. He saw no difficulty about 
cambering the rod to the proper curve if the thing were set 
about in the*'right way. About 22 or 23 years since a firm on 
the continent made a special lathe for turning the rods with 
camber in them. The rod was fixed between supports at each 
end, and the centre was sprung out of line the proper amount, 
while two tools revolved round the rod and turned it up true 
while held fast at the three points. 
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He could not agree with the author of the paper as to 
the film of oil between the piston ring and sides of cylinder. 
The film was much too thin to transmit the pressure of steam 
to the outside of piston ring. If this theory was right, then by 
using a film of oil between two surface plates the pressure of 
the atmosphere would be transmitted to the surfebces of the 
plates, and they would not stick together as we know they do. 
The flapping noise made by the piston rings at the ends of the 
stroke was probably due to another cause, which might be 
explained as follows: — ^When two surface plates are rubbed 
together so .as to exclude the air, you may slide one upon the 
other in one direction without impairing their adhesion, but as 
soon as you reverse the motion they come apart. Might not 
this be the case with piston rings seeing that the pressure 
behind the rings is only the average pressure, while the pressure 
on the piston at the moment of reversing is the maximum 
pressure ? 

Mr. Henby Webb referred to an old engine, built by Boulton 
& Watt, with piston packed with hemp, pressure on the boiler 
201bs., driving a corn mill at St. Helens, which the proprietor 
stated to be the best and most economical engine working in the 
town, far better than the new-fangled modern things. It would 
be interesting, if their Association could get a photo of it, to see 
what was considered in 1895 to be an '^economical" engine. As 
regards piston valves they were very useful with steam hammers. 
When steam hammers were introduced the pressure was 401b3.per 
square inch, and the slide valve was universally used, but now 
that pressures had risen to lOOlbs. they could not possibly do 
with slides any longer, and had to have piston valves instead, 
in which there was nothing to look after but the ordinary wear 
and tear. He would be glad if Mr. Butterworth would, in the 
printed transactions, give them some information about the 
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utilization of rolled steel stamped plates for piston diameters, 
which was an important question as regards weight. 

Mr. T. Walton said the author had dealt with the construction 
of pistons and piston valves, and as Mr. Butterworth was a piston 
specialist, he should have been pleased to hear him give a little 
of his experience of wearing down in large horizontal cylinders. 
This they knew had been overcome with more or less success by 
various expedients, such as tail rods and back slides, cambering 
the piston rods, also by projecting the piston and junk cover at 
the bottom or the part in contact with cylinder, so as to increase 
the bearing surface. This plan was objectionable as the 
projection or shoe was subject to an unbalanced pressure 
(similar to a slide valve), viz.: cylinder pressure on the exposed 
portion of pistons circumference at top and nothing but perhaps 
a film of oil or moisture at the part in contact with cylinder. 

There had been packing rings made to carry the piston block, 
either by allowing block to rest on the inner flange of ring, or 
by making the rings of J. instead of L section. 

He thought Mr. Butterworth could give them some valuable 
information respecting the practical success and value of the 
various expedients to minimise wear in this direction. 

Mr. Thomas Ashbubt, in moving a vote of thanks to the 
author for his admirable paper, remarked that it required a 
great amount of courage for anyone to take up a subject, with 
which all his auditors professed to be familiar. The author 
had done his task in a very creditable manner, and as already 
referred to, had not made it a personal matter. They were all 
indebted to him for introducing a subject which, although well- 
known, was not so well-known as it ought to be, and their views 
on the matter would no doubt be very considerably modified. 

Mr. Alfbed Saxon seconded the proposal. 
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Mr. QiLBEBT Lewis in a commnnio&tion wrote : Having hod 
some little experience in the m&nufo«ture of piatons, especially 
with very liu^e aizes, he had listened to Mr. Butterworth's paper 
with great interest. He could not altogether follow him iu his 
theories, hnt they had heard enoagh to prove that one of the 
moEt important factors to a good engine was a good piston. 
They employed the best appliances for boring a truly cylindrical 
and parallel cylinder — therefore the piston fitting it should be 
of the best construction, so that workii^ under all conditions, 
it should maintain that perfection. Had they got snch a piston ? 
He thought not. If they examined the wear of an ordinary 
Samsbottom ring it would always be found unequal and 
principally on the shoulders. They might therefore conclude 
that if the ring wore unequally, so did the cylinder. Pistons of 




the Mather type with their inner coila or assemblage of ringa 
minimised this unequal pressure of the single ring. But all 
pistons of Ihis type with heavy oast-iron outer rings, expanded 
by either G-oodfellow's or Mather's internal rings were by their 
excessive weight when applied to large horizontal cylinders, 
apt to sag down and allow the steam to pass on the top side. 
With large cylinders of 60 to 60 inches diameter, with pistons 
of the Goodfellow type, be had found it impossible to maintain 
a good vacuum owing to this leakage on the top side. In his 
opioion, such heavy piston rings should always he supported on 
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the top» the inner rings having a lateral expansion. The only 
piston he knew which had this solid support and lateral adjust- 
nient was the Hargreaves type. The accompanying illustration 
he thought sufficiently showed the arrangement. (See opposite 
page.) 

The ordinary outer rings were supported by the inner rings, 
the latter being rigidly supported on the body of the piston. 
The inner rings were free to move laterally, and were adjusted 
by small coiled springs. This piston had given good results 
and in his opinion was one of the best types for large horizontal 
cylinders. 

Mr. J. Donnelly in a communication wrote that he regretted 
he was unable to be present, as the subject to him was a very 
interesting one, from the fact that on the London and South 
Western Bailway, a large number of Locomotives were fitted 
with piston valves (Beatie's system), which after some years 
trial were all replaced by ordinary slide valves. 

It was found that locomotives with piston valves when 
running down an incline formed a vacuum, steam having to be 
kept on to destroy it ; there was also the difficulty in getting 
water out of the cylinders. 

These objectionable features had now been overcome by the 
North Eastern Bailway, the arrangements for relieving the 
water pressure and destroying the vacuum being very practical 
and ingenious, reflecting the greatest credit on the designer. 

Particulars of the working of these valves had lately been 
published in " Engineering," and the ** Engineer,'* where it was 
set forth that owing to the reduction in friction there was a 
considerable saving in the wear and tear of the motion, besides 
more economical distribution of steam. 

Mr. BuTTBBWOBTH thanked the members for the kind manner 
in which they had received bis paper ; their approval being 



186 PISTONS AND PISTON VALVES. 

rather unexpected, as the paper was written more with the 
object of provoking a discussion, than to lay an abstract account 
of the present types of pistons and valves before them. 
Reviewing the remarks as a whole, with the exception of 
Mr. Mannook, no one seemed prepared to advance a theory as 
to the action of rings when at work in the cylinder as against 
that stated in the paper. 

One or two speakers had mentioned that a ledge or other 
irregularity might be the cause of the noise sometimes met with, 
but this could easily be distinguished by the vibration set up in 
the engine. There seemed to be no doubt that the rings did 
leave the cylinder face for some reason or other, else why the 
drop at the end of the compression curve of many indicator 
diagrams ? 

It could not be put down to slide valve leakage, as that had 
the boiler pressure on its back, and it would seem absurd to 
suppose that it would suddenly spring a leak at any point under 
the boiler pressure. Again, one could scarcely see why conden- 
sation should show itself at this point more than any other. 
Therefore it must be due to the piston suddenly slipping steam 
near the end of the stroke, although up to that point it was 
practically tight. 

Mr. George Saxon seemed to rate the workmanship of modem 
pistons too lightly. The ordinary test of fixing an engine on 
the dead centre and putting steam at upwards of lOOlbs. 
pressure on one side of the piston while the cylinder cover was 
removed at the other, could be passed by 9 out of 10 new 
pistons without perceptible leakage. There must, therefore, be 
a very intimate contact between the piston rings and the 
cylinder, except at the point of reversal of the motion of the 
piston at each end of the stroke. Again, if such accurate surfaces 
as the Whitworth plates mentioned by Mr. Mannock separate 
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when their motion was reversed, why not piston rings from a 
similar cause? 

Oil was not generally supposed to he an evanescent suhstance 
and an examination of a cylinder where good oil was used 
would convince anyone that, although put in drop by drop, a 
film of oil covered the whole surface. In conclusion, if the 
above action of the rings was not caused by the oil film it must 
be due to something thinner, as in the surface plates, and it 
would seem that the wrong view had been taken by those 
speakers who said that the oil was too thin or the cylinder, 
&c. not accurate enough. Perhaps at an early date some more 
skilful investigator would solve the problem. 

It is doubtful whether the improvement in piston rings 
mentioned by Mr. Saxon will realize his expectations. 

Some ten years ago the experiment of fitting two spiral 
springs side by side in the same pair of casings was tried, in 
order to reduce the weight, as a much lighter gauge of wire 
could be used for the springs. It was found, however, that 
owing to the small surface of contact between the two springs, 
they cut into each other and finally one of them broke. It 
seemed impossible to prevent this, as there must be some slight 
movement of the springs on each other owing to irregularities 
in the shape of the cylinder and the motion of the piston, and 
it might be laid down as a broad principle that the separate 
parts of the piston packings must have a good bearing on each 
other, and on the sides of the groove in the piston, or trouble 
was bound to ensue. 

With respect to Mr. Taylor's remarks, it was no doubt a good 
thing to have a tight fitting piston, but to provide no compen- 
sation for wear would be to court disaster with modern speeds 
and pressures. Piston valves would have been an established 
success long ago if a solid block could be kept steam tight say 
only 12 months, but as a matter of fa^ct the solid rings shown 
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Fig. 11 and 12 had to be adjusted nearly every month and even 
the McNaught valve he mentioned was provided with a com- 
pensating bridle and wedge. 

With respect to piston and tail rods Mr. Alfred Saxon asked 
them to make the glands carry the weight of the piston — surely 
that was a mistake. In the first place, any form of fibrous 
packing was bound to produce more friction than two similar 
metallic sarfaces; secondly, the surface was so small compared 
with that of the piston or slide blocks, and worked in hot steam 
or water while the latter is under the most favourable conditions 
of temperature and lubrication so that loss of power and damage 
to the rod would inevitably ensue, if the piston was carried by 
the glands. 

If the trouble were taken to investigate a few examples either 
theoretically or practically, it would be found that in 90% of 
Engines having strokes upwards of 5ft. the deflection of the 
rod between the front and back slide blocks would be over fin. 
Therefore, unless the rod was cambered or the slides were packed 
up, a tail rod was no manner of use and should never be used. 

With respect to the defects found in practice with piston 
valves Mr. Hunter would find no trouble whatever if the valves 
were properly designed. Out of an experience extending over 
hundreds of valves for which the writer has supplied packings, 
he believes that not in one case had the liner or valve had to be 
replaced. In one case where the piston valves of a traction 
engine were examined after three years hard and continuous 
work, the packing rings were not open tV^^* ^^ ^^^ joints, and 
the wear on the liner was scarcely noticable, the diagrams being 
as good as from a slide valve engine. 

The main point to be observed was to get the stroke of the 
valve as large as possible and the bars in the liner few and 
broad rather than numerous and narrow. By attending to these 



DISCUSSION. 189 

details, the clearance in the ports could be reduced below that 
of a slide valve, and the skin friction of the steam when passing 
through the ports in the liner reduced to a minimum. The 
reason that engineers had fought shy of this type of valve was 
probably want of attention to the above points and the want of 
an efficient compensating packing. 

With regard to forged or stamped steel pistons, there was no 
doubt that the weight may be reduced by one half by using this 
material. As mentioned in the paper they should be made in 
the form of a truncated cone, the over-all width of same being 
about ^rd the diameter. The boss of the piston should be 
formed on the inner side of the cone and the junk cover facing 
formed on the opposite side, so as to keep the width within the 
above limits. The dies for stamping the above type of piston 
could be finished entirely in the lathe and need only be of cast 
iron, so that the initial expense would be but small. Many of 
the Scotch locomotive people used pistons made in this manner,, 
and if Mr. Webb or some other of the members who were forge 
proprietors could see their way to go into the business, it would 
be a great boon to most Lancashire engineers. 

Mr. Walton was correct in condemning the shoe or projection 
sometimes provided to carry the weights of the pistons. In & 
piston over 9ft. diameter the shoe of which was 9in. wide by 
4ft. long, it was found that the shoe required packing up every 
few weeks and the wear was certainly greater both on cylinder 
and piston than in a similar piston which had no shoe. Making 
the rings of T section so as to sheath the blocks was also open 
to the same objection as the shoe. A much better plan was to 
provide the Piston with a deep bull ring as was done by 
American engineers. The piston rings were fitted into the face 
of the bull ring, and the latter was provided with screws on its 
inner surface, so arranged that the piston block could be 
elevated to the centre of the cylinder when wear occurred. 
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Mr. Gilbert Lewis mentions the difficulty met with in large 
pistons working horizontally where the piston rings invariably 
leave the top of the cylinder. The difficulty had been overcome 
in several large pistons ranging from 50in. to 90in. diameter, 
in the following manner. The rings used were of the section 
shown in Fig. 8, having an ordinary circular spiral spring to 
force them against the cylinder and sides of groove in piston. 

The spring was made in two lengths, each perfectly straight 
and so strong that when bent to a semi-circular shape they 
exerted a considerable force tending to get straight again. The 
joints between the ends of the springs when in the piston were 
fixed one at the top and the other at the bottom of same, and 
in this manner the effort of the spiings to resume their straight 
form was made to keep the rings firmly to the top side of the 
cylinder. 

It was pleasing to note from Mr. Donnelly's communication 
that the North Eastern Railway Go. had overcome the 
difficulties formerly attending the use of piston valves. It was 
B, well-kno'wn &ct that several of the large railway systems 
were devoting their attention to the same thing and the result 
could not fail to be an important decrease of friction, especially 
on light loads and high speeds. If one of those who had the 
advantage of conducting experiments on locomotive piston 
valves, could state their experience, it would be a most valuable 
contribution to current engineering literature. 



9 Plates follow Illustrating this Paper. 
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Pistons and Piston Valves. 



Fig. 2. 




Mr, Ramsbottom's Apparatus FOit btreRMiNiNG the proper form 

OF PiStON FtlNOS. 



R —The ring m coiled. 
Ri — The ring when aiming oat. 
C — The oordi ftttaohed to ttie ring. 
P — The pttUeys over which the cords are led. 
W— The weights suitpended from cords C. 
pi — ^Xhe internal pplleys orer whldh the co^ are led te 
test the ring after it has been sprang out. 
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Pistons and Piston Valves. 



Fig. 3. 



^Film of oil (exaggerated) f^ 




Sketch illu&tratinq the conditions under which Piston Rings 

WORK. 
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Pistons anb Piston Valves. 



Fig. 4. 



DlagMHti showing pressure on fW>nt or face of rings 
where P aiHl Pi=» pressure on opposite sides of piston. 
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Diagram showing variation of Pressure in front of rings 

for one stroke of h.p. piston. 
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ELECTRIC LOCOMOTIVES. 

READ SATURDAY, NOVEMBER 28rd, 1896, 

BY 

Mr. EDGAR WORTHINGTON, M.I.Mech.E., 

MANCHESTER. 



The present century coincides very nearly with the period of 
development of the steam locomotive from its discovery by 
Biohard Trevithick to the present highly elaborated machines, 
one of which moves a load of 2,000 tons weight, while another 
speeds at 68 miles per hour, drawing 112 tons behind it over 400 
miles of country, frequently exerting 1,000 horse power. During 
this same period countless experiments have been made with 
varied success to employ other material than steam and coal to 
haul goods and passengers upon a railway. 

The extravagant waste of heat in all steam locomotives, due 
to the high latent heat of steam, has led many experimenters to 
seek for some other more suitable expansive medium. France 
has done much in adapting the compressed and hot air engines 
for street locomotion, while gas and oil engines have been 
similarly applied in Germany and elsewhere. Naphtha engines 
have recently found favour on the common roads in France, 
and have won the race &om Paris to Bordeaux and back. 

The use of hot water charged at high pressure into a tank 
has found suitable application to steam motors in the streets of 
Batavia, where the public roads are fortunately almost level, 
and where the heat is so tropical that the abolition of a fire and 
fuel upon the steam locomotive is a great advantage to both the 
engine driver and the public. 

A solution of Glauber salts, which have the property of 
absorbing large quantities of heat and restoring it during 
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crystallization, has been used by Honigmann with partial 
success in Germany and in Chicago, as a substitute for ordinary 
fuel in the generation of steam on small locomotives, both on 
tramways and railroads. 

A concentrated solution of ammonia has been successfully 
substituted for water in tramway engines at New Orleans, but 
the dif&culty of confining the ammonia gas and manipulating it 
as it passed through the engine has prevented its use in this 
country beyond an experimental stage. 

It has been left for electricity to make any serious encroach- 
ments on the domain of the steam locomotive, and the last 
20 years have seen such a rapid improvement in the construction 
of electric dynamos and motors, that it would be rash to 
prophesy how far electricity will further supplant steam in the 
locomotives of the next 20 years. When your Council did me the 
honour to ask me to write a paper upon ^^ electric locomotives,*' 
I felt that there were members of your society more capable 
than myself of performing this pleasant task. But having had 
something to do with the construction of the locomotives on the 
South of London Eailway, and having more recently made 
special studies of Electric Railways in this country, the United 
States, Canada, Germany, France, and Tasmania, it is with 
much pleasure that I have put together the following observations 
and notes. 

It would take too long to trace here the development of the 
electric locomotive, but the commercially successful electric 
railway does not date further back than about 1886, when there 
were but 12 or 18 electric lines in the world. 1889 saw its 
introduction to Boston, U.S.A., a city which in 1893 could 
drive 640 electric cars from one central station. 

Much credit is due to experimenters such as Finney, Van 
Depole, and Daft * about 1882, and earlier to Bessolo, in 1855, 

* See Beoent Progress in EleoMo BaUways, by Oarl Hering, New Tork, 1899. 
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in Italy. The most intrepid experimenters in electric railways 
have been amongst the Americans, and they had the good 
sense to borrow experience from the more highly developed 
electrical machines of Europe. The San Francisco experimenter 
Field * in 1877 bought a dynamo electric machine in Europe for 
this purpose, but the ill-fated machine was wrecked in a sailing 
vessel and lies at the bottom of the sea. 

As far as I can gather the oldest electric locomotive was 
constructed by a village blacksmith, f who in 1885, exhibited 
his model running upon a circular railway in Boston, U.S.A. 
He constructed several other motors in 1887 and 1888. These 
were admirably designed, and in essentials, even to the shunt 
winding, differed but little from some of the most modem and 
successful types in use at the present day. One of them was 
brought by Davenport to England, where Faraday saw it and 
was pleased with it. It is narrated, however, that Faraday 
took a broom that was in the room, and put it against the 
flywheel, stopping the motor, after which he refused to invest 
or recommend it to others. 

During my first visit to America 1881-88, there was on that 
continent, only one electric railway or tramway of any moment. 
This installation was laid down at Bichmond^ on the Sprague 
system. It was built without regard to cost and was extensively 
advertised as a grand success both practically and commercially. 
It was, however, doomed to failure, and after serving as a model 
for many other less expensive lines, was bought up by other 
parties. 

The enormous development of electric tramways since then 
in America, Germany, England, France and other countries has 
been principally in one direction, viz., by using an overhead 

* See Beoent Progress in Electric Bail ways, Hering, 1899. 

t Ibid. 
t See Beoent Progress in Bleofecio Bailways, H. Haapt, 1898. 
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conductor with a trolley running upon it, connected to the car 
by a conducting pole. 

When I last visited America in 1893, almost every town was 
provided with this type of electric railway running through the 
streets. In the two sister cities of St. Paul and Minneapolis, 
with their 850,000 population, not a horse car is to be seen. 
The former has 90 miles and the latter 120 miles of electric 
railway, but grades over 17% are worked by a cable. All the 
feed wires for the overhead conductor are buried in a conduit 
between the rails, and the daily speeds of 20-80 miles per hour 
have attracted a large amount of suburban traffic from the rail 
roads. At that date 1893, there were 18,000 miles of electric 
railway in the United States, about 2,000 miles of which was 
either built or converted during the year 1892. 

The electric railways constructed by European engineers now 
number 81, with a total length of about 440 miles. Those in 
Europe are distributed as follows : — 

Germany 22 E lectric Bailways. 

England 18 

France 11 

Switzerland 8 

Italy 4 

Austria 4 

Belgium 3 



Spain 

Norway .. 
Eoumania 

Bussia 

Servia 



1 
1 
1 
1 
1 



f> 



9f 



9f 
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Of these the largest are in England, viz., the City and South 
London Bailway, which uses continually about 1,200 kilo-watts, 
and the Liverpool Overhead 900 kilo-watts. The daily mileage 
of electric street cars in the United States sometimes reaches 
150-200 miles per car. That of the Leeds Electric Tramway is 
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t 

110 miles, while the cars of the Halle Tramway, one of the 
best known and best equipped in G-ermany, run only 71 miles 
daily. 

An electric motor service is less costly than a cable and more 
efficient than a horse car service. It is therefore coming into 
very general use where the volume of traffic is neither very 
small nor extremely large. Financial experience shows that it 
is not likely to supplant either the cable for crowded traffic 
or the steam motor for infrequent traffic. " A tramway manager ** 
writes,* " that the simple railway type of locomotive is the most 
successful type of motor used on tramways to-day for services 
of 10 or more minutes frequency." 

For many years the cable system had the great advantage of 
unlimited power at starting, but the poverty of the early electric 
locomotives has been overcome, and the rapid acceleration of 
these engines when starting is now frequently sufficient to throw 
passengers off their feet. 

Another example of the advantages of concentration with 
electric power is found in the locos and cranes on Messrs. 
B. Dunsmuir's coal wharff at San Francisco, where electric 
cranes first lift the coal from vessels through a height of 60-80 ft., 
and then locomotives exerting a drawbar pull of 800 lbs., haul 
it away on a level railway. The load upon the dynamo in this 
installation rises from to 75% of full load in from 5 to 10 
seconds, and drops from full load to in about an equal period 
of time. 

Again, the goods traffic upon the Bockland and Camden Street 

Railway is carried in double bogie vans 25 ft. long by 7 ft. wide, 

weighing 13 tons. The load carried is 10 tons, and a 25 EP 

single reduction motor drives each of the four axles. These 
four motors absorb a large amount of current while ascending 

several long grades of 1 in 18. 

* See Hallway World, May, 1886. 
t See Iron Age, May 23rd, 1895. 
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' The advantages claimed for the employment of eleotridty in 
town and suburban traffic may be summarised as follows : — 

1. Comfort of the passengers. 

2. G-reater speed. 
8. Oleanliness. 

4. Ease of lighting the carriages. 

6. Ease of heating the carriages. 

6. Ease of ventilating the carriages. 

7. Possibility of braking by electricity. 

This last has not yet been fully developed in practice, but 
Mr. Sprague calculates it is possible by this means to return 
back to the electric line 40% of the total energy used. Air and 
hand brakes are used at present, the air being either stored in 
reservoirs or pumped by a small motor. 

PRINCIPLES. 

Without attempting to explain the principles upon which 
ordinary dynamos and motors are constructed, I propose to 
briefly consider, chiefly from a mechanical standpoint, how some 
of the requirements of a locomotive are attained by the 
appUcation of electricity. 

The large torque, turning efl^ort or starting power of a railway 
motor distinguishes it from most other motors. Losses from 
hysteresis, eddy currents and friction are minimised, and 
the torque increased, by using a large number of windings 
of wire in the armature. Good running and an absence of 
sparking at the carbon brushes and of heating are also thus 
obtained. Mr. H. F. Parshall, one of the leading electric 
designers in America, points out that very heavy magnetic 
induction is aimed at in the motors, there being — * 

100,000 c.g.s. lines of force per square inch in yoke. 
60,000 ,, „ ,, air space. 

80,000 „ „ „ armature core. 

* See En^eering, April lOthf 1895. 
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The motors should work economioally when lightly loaded, 
for a lengthy experience has shown that the average work of 
electric street locomotives is only 20% of their maximum work 
at starting. Prof. Kennedy places the average efGiciency of the 
gearing on American tram locomotives as 15%,* The difference 
of efficiency of engines with and without gear he places at 
about 17 %. Other authorities state that in the modem single 
reduction motors in good order 80% is obtained with widely 
varying loads, and the Westinghouse Go. profess to obtain an 
efficiency of 92-96 % under full load. 

In the older double geared motors an efficiency of 60% 
between the armature and the axle was rarely obtained. 

In America where the commercial development of electric 
locomotives has found its widest growth, many types of motor 
were seen working upon the same railway or tramway two years 
ago. But in 1893 the Westinghouse and the General Electric 
absorbed all the smaller companies, and showed at the Chicago 
Exhibition a most interesting and varied collection of electric 
railway material. 

The mechanical details of these standard motors have been 
simplified and improved until their cost is considerably below 
that of a few years ago. The armature is built up of a core 
consisting of soft iron discs. No paper insulation is used 
between these discs, but the Foucault currents are prevented by 
simply coating each disc with black oxide by heating. The 
discs are punched out, having notches in their circumference. 
They are threaded upon the axle and compressed by hydraulic 
power, after which the notches are filed out by machinery. The 
coils are fitted into these notches and coupled up with the bars on 
the commutator by hand. The coils are then secured by bands 
of wire and the armature thus completed revolves within ^ of 

* See Inst. Mechanical Engineers President's Address, 1894, p. 1B8. 
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an inoh of the poles of the magnet. Mnch of the lighter work 
at both Lynn and Pittsburgh is done by women. 

The magnets are sometimes made with two, and in large 
locomotives with six or more poles; but the great mass of 
successful motors up to 100 horse power are made with 4 poles. 
These are cross connected and thus require only two sets of 
brushes instead of four. Motors are generally series wound. 
The pole pieces are steel castings and made carefully with 
risers as large as the castings to secure solidity. The metal is 
soft, containing '18 carbon, with only small allowances of 
Si. Mn. and P. One steel foundry with two 15 ton melting 
furnaces in Massachusetts is entirely devoted to making steel 
castings for electric locomotives. 

The two sets of brushes are made of carbon and stand 
vertically upon the commutator. They are looked at and 
adjusted once a day, and being self -lubricating, will run for a 
great length of time. 

The spur wheel teeth are milled out of the solid by automatic 
gear-cutters, taking two grooves at each cut, and the whole 
motor is enclosed in a hinged cast steel box, which when closed 
is watertight, except where the axle passes through. 

I have seen cars run through a flooded street in Chicago, the 
water being nearly up to the axles without any apparent damage, 
showing that water is effectually excluded from the vital parts 
of the motor. 

The requirements of electric motors for railway purposes may 
be summarised as follows : — 

1. Lightness. 

2. Must be completely closed from dirt, water, &c. 

8. The capacity should be ample to enable it to perform 
its nominal duty for two hours continuously without 
heating above 60° 0. (122° F.) 
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4. The motor should be capable of developing on 

emergency 50% more than its rated capacity. 

5. All parts should be accessible and easily taken apart. 
Of all these the first, that of lightness, is the most important, 
because a large portion of the weight of the motor, in all but 
the largest sizes of direct driven and single reduction designs, is 
carried direct upon the axle without the intervention of springs. 
The most modem type of motor made by the General Electric 
Company for street railways, and having a capacity of 20 horse- 
power, weighs only 800 lbs., including its single reduction gear. 
An example of a more powerful direct driven axle is found in 
the Liverpool overhead railway motors, in which about 52 cwt. 
dead weight is rigidly attached to each axle, though part of this 
weight is supported by the helical springs, which absorb the 
turning effort. In the larger locomotives, such as that recently 
introduced at Baltimore, the motor weighs over 11 tons and is 
entirely supported by springs. In the Heilmann locomotive the 
motor weighs 2*7 tons and is carried upon the frames. But in 
all cases where the armature is wound direct upon the axle or 
upon a shaft connected by spur gearing with the axle, the mass 
of both armature and magnets must be firmly connected to that 
axle to maintain the uniform clearance between armature and 
poles. Some alleviation may be found in supporting a portion 
of the weight of the magnets on springs, yet any sudden rise or 
fall of the axle-boxes must effect a similar rise or fall of all 
parts of the motor rigidly connected to the axle. It will there- 
fore be seen how important is this quality of lightness of 
construction. 

STARTING POWER. 

It is well-known that the severest effort a horse or a locomo- 
tive is called upon to exert is at the moment of starting the load, 
when the co-efficient of friction is high and other resistances are 
apt to be abnormally great. The electric motor, having no dead 
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oentres, compares advantageously with the steam engine in 
possessing a uniform starting effort or torque at all positions 
of the revolution. A large amount of ingenuity has been 
bestowed on producing the greatest possible torque, and the 
eagerness of manufacturers to claim a large share of credit in 
this respect was shown at some of the trials of the street oar 
motors in the Chicago Exhibition of 1898, when the competitors 
were allowed to sand the rails and even to put wood wedges 
under the wheels while the dynamometer was registering the 
tractive effort. A very considerable momentary effort may be 
thus obtained by a skilful manipulation of the electric current. 
But the motors can exert nothing like this in continuous duty, 
and for practical purposes these tests were ridiculous. The 95 
ton Baltimore locomotive has been constructed to exert a draw- 
bar pull of 21 tons at speeds up to 15 miles per hour, and half 
that pull at speeds up to 30 miles per hour. This means a 
horse-power of about 1,800, but it remains to be shown that 
this can be carried out in daily practice.* 

The regulation of the currents to produce different hauling 
power at various speeds is effected by an ingenious compound 
switch, consisting of a barrel with metallic strips fixed as arcs 
upon its surface, in conjunction with a ^'diverter" or collection 
of resistance coils. The necessary connections are effected as 
the barrel is revolved by means of a handle corresponding to 
both regulator and notching up lever of a steam locomotive. 
The manipulation of large currents would be accompanied with 
destructive flashes were this barrel not embraced by a large 
magnet which '^ blows out " the sparks immediately they tend 
to form. At the Chicago Exhibition switches of this kind 
could be seen in every detail and were at work upon the 
Intra-mural Bailway, &c. 

* The Tannel traffic is now being worked slowly by these enginee, Sept., 1895, 
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An example may be given of saoh a regalating switch 
attached to a Westinghoase electric locomotive, having two 80 H^ 
motors each driving one axle. The regalating handle moves in 
a circle and has seven principal positions — 

1. Starting, when the 500 volt current passes through both 

the motors, including armatures, fields, and resistances 
all in series. 

2. As in 1st, but with half the resistance cut out, 
8. As in 1st, but with all the resistance cut out. 

4. The magnetic field is reduced. 

5. One motor is entirely cut out, the other motor acts 

alone. 

6. Both motors run in parallel circuit without resistance. 

7. As in 6th, with the magnetic field reduced. 

The resistances in this case consist of spiral rolls of tape iron, 
each layer being separated from the next by mica. These 
resistances frequently get red hot in service. A separate switch 
is used for reversing. 

One of the most striking features in electric locomotives is 
the uselessness of making an engine-fit of the parts. This is 
due to the absence of any reciprocating motion such as occurs 
in steam engines. There is no tendency to knock in axle-boxes 
or in bearings, and these parts can therefore be made very 
siniply. Even the fulcrum pins which carry the motor are 
seldom turned, but are merely lugs cast upon the enveloping 
steel casings. 

The largest electric motor upon which I have travelled 
weighed 27 tons. It was built for experimental purposes to 
ascertain certain facts, and to furnish experience for designing the 
Baltimore 95 ton locomotive, which I saw under construction 
in the works at Lynn (Mass.) 

This 27 ton locomotive consisted of a pair of frames of strong 
bar iron, with cast iron fittings carrried upon two axles, with 
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wheels about 4ft. 4in. in diameter. Each armature was conoen- 
trio with the axle, bat, without being rigidly attached to it, drove 
the wheel durect through a flexible coupling. These armatures 
were about 8ft. Tin. diameter and very heavy. The current was 
brought from an overhead conductor by means of the ordinary 
trolley pole to the switch regulator, which for safety was operated 
by an air cylinder and oil cataract. The air was maintained at a 
constant pressure of 65 lbs. per square inch by means of an 
oscillating pump driven by a small motor geared into the pump 
shaft, and automatically regulated by an ingenious resistance 
switch operated by the air pressure. This air was used for 
working the brakes, blowing the whistle and operating the 
regulator switch. The engine was tested in a << tug of war" 
against an ordinary steam locomotive, having 80 tons upon its 
coupled wheels. For this trial additional resistances were 
introduced, and a current of 600 amperes is said to have flowed 
through each motor. The electric engine pulled the steam loco- 
motive for 9 feet, but its wheels slipped and it was then easily 
overpowered by the superior adhesion of the steam locomotive. 

Time will not permit the examination of the elaborate and 
economical methods adopted for the production of the electric 
current for railway purposes. In all cases except that of the 
Heilmann locomotive, which carries its own generating plant 
(see p. 220), this current is produced in buildings specially 
arranged either for water power, or for delicately governed high 
pressure steam engines, driving either direct or through belting 
the generators. These maintain a constant electrical tension 
of say 550 volts at their terminals, while the current delivered 
may vary from amperes to full power. 

But something must be said about the kind of current or the 
* fuel ' supplied to electric locomotives, and the methods adopted 
for picking up this current. 



ELEOTBIO LOCOMOTIVES. 205 

Elaborate experiments have been made in France and else- 
where with the continuous, the alternating and the three-phase 
currents resulting in the adoption of the first named for all 
ordinary conditions of service. The three-phase alternating 
current appeared at first to have much to recommend it, owing 
to the absence of any brushes or ring collectors upon the motor. 
But the weakness of its starting efiPort and the necessity for 
synchronizing the dynamo and motor were sufficient to condemn 
its use for the conditions of frequent stopping and starting on 
a railway. After deciding that the three-phase current was 
suitable only for level railways with few curves and stops, these 
French experiments were abandoned. 

The three-phase current is about to be used at Lowell, Mass., 
as an economical method of feeding the line at considerable 
distances from the generating station. A low voltage alternating 
current will be first produced and converted to a high tension 
5,000 volt current, which will be carried upon comparatively 
small feeding wires to two sub-stations, 9 and 14 miles distant 
respectively, where it will be received in transformers and by 
means of rotary converters will be delivered to the main line at 
500 volts.* 

500 or 550 volts is the usual tension adopted on the majority 
of tramways and small railways with conductors above the 
ground at present at work. It is not dangerous to persons, but 
on the continent this is considered the limit of safety. This 
current is easily dealt with on small locomotives requiring only 
50-80 amperes, t But with large locomotives, requiring say 
600 H', the current to be manipulated rises to 1,100 amperes, 
and such powerful currents must be gradually diminished before 
being completely broken. Eheostats, similar to those already 
described in use upon tramways, would be too bulky and heavy, 

• See "The Engineer," August 9th, 1895. 

t NoTB. — On the Liverpool OTerhe&d Railway the familiar flash of light when the 
oorrent is switched off shows the nature of the difficulty of dealing with larger currents. 
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80 the higher tension of 8(X) volts has been resorted to in a heavy 
electric goods and shunting locomotive, vdth four axles 
ooapled, which has been built by the Westinghouse Company 
and the Baldwin Locomotive Works, and was tested this year 
in Philadelphia. The engine is the invention of Messrs. Sprague, 
Duncan and Hutchinson. It weighs 60 tons, and each axle is 
driven by a 250 H' motor. A speed of 85 miles per hour is to be 
attained with 225 revolutions of the wheels per minute, and the 
draw-bar pull is said to be independent of the speed and to 
reach 10,000 lbs.* 

One of the most serious difficulties in introducing electric 
railways into a populous country is the damage to telephone 
and telegraph circuits, which is caused by leakage from the 
return wire. In many cases the rails alone constitute this 
return circuit, but the usual way now is to lay an armoured 
copper wire between the rails, connecting it with them at 
intervals. The stringent rules of the Board of Trade compel 
the use of voltmeters, and if the difference of voltage at the 
extreme ends of this wire exceeds 7 volts the railway must be 
closed. It seems not unlikely that the 8- wire system may be 
introduced to facilitate compliance with this regulation. In the 
case of a double line, or where two lines are near together, this 
system appears to be applicable, the rail circuit forming the 
third wire, with its comparatively small current. This 8- wire 
system has been tried on a single line by splitting the conductor 
up into insulated sections and connecting the alternate sections 

together to form one ¥dre, while the rail formed the third wire. 

» 

The object aimed at was a diminution of ground leakage, but 
the system did not work well. 

The conductor upon which the trolley runs will carry current 
unaided for 1,000ft., but it is usual to have a feeder connected at 

* nioBtrated in Railroad Oazotte, April 19th, 1895. 

I hATe been recently informed that this engine has beoi naed for shmitixig, bat has 
not yet been put into regular serrloe. 
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shorter intervals, especially in crowded places where the break- 
down of a conductor delays the whole section. 

The Method of Picking-up the Electric Current divides itself 
into two branches, viz., (1) from a conductor above the ground, 
and (2) from a conductor in a conduit. 

The earliest electric tramways on the continent had two steel 
or copper split tube conductors, suspended from steel wire ropes. 
These two tubes carried the supply and return current 
respectively, and a metal slipper ran within each tube, 
connected by a flexible cable with the car. This was used at 
Frankfort, Yevey, and other places. Messrs. Siemens still use a 
double overhead conductor, with a difference of potential between 
the conductors of 200 volts, but a double trolley is employed. 
The old continental method of picking up by a slipper is being 
revived in the large 95 ton locomotive for the Baltimore and 
Ohio railroad, where a brass shoe 2ft. long. Tin. wide, weighing 
251bs. is used, sliding between two Z irons, placed one inch 
apart.* 

Messrs. Mather and Piatt in the Isle of Man, Sweden, &c., 
and Messrs. Siemens in Karlsruhe and other places, adopt a 
horizontal bar pressed upwards against the overhead conductor 
for picking up the current, but the general method for street 
traffic in America and elsewhere is the use of a rolling contact 
giving rise to the term *' trolley " system. 

The 8rd rail near the ground seems the most suitable system 
for railways where the line is fenced in and a tractive effort of 
100 H' or more is required. This 8rd rail or conductor is placed 
between the rails in the City of London and the Liverpool 
Overhead Bailways. It was placed outside of the gauge space 
on the Intramural Railway at Chicago, a similar rail on the 
off side being used for the automatic signals. It was noticeable 

* See Paper by Dr. Duncan before Baibroad Telegraph Superintendents, June, 1886. 

See also page 219. 
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in the latter railway that the mechanism provided to press the 
cast-iron shoe upon this steel 8rd rail was not required. 
The weight of the simple shoe dragged along by inclined links 
provided ample pressure upon the rail. 

In France also the 8rd rail has its advocates, and two 
locomotives of 400 H' are now being constructed to this system. 

The conduit system found one of its first successful applica- 
tions in 1885 at Blackpool. The system is open to the objections 
that dirt, snow and water get down into the conduit through 
the slot and afford facilities for leakage from the conductor. 
Hitherto the Board of Trade has discouraged the introduction 
of this as of other imperfect systems which may have become 
popular in other countries. It is found difficult to prevent 
leakage in these open conduits, and 300 volts is the highest 
tension recommended. The early morning leakage at Blackpool 
amounts to 80 amperes.* 

Several other conduit systems have been tried in Europe 
and America, among others those of Bentley-Knight, Love, 
Gonnett, Wheless, and the Buda Pesth. 

The most promising is that recently installed in Lenox Avenue, 
New York, in which the conduit contains two conductors placed 
six inches apart. The difiference of pressure in these two 
circuits is 850 volts, and a plough attached to the locomotive 
presses between them gathering current from one and returning 
it to the other. In this way no current passes through the rails 
or the wheels and axles. This system being cheaper than the 
cable, and free from many of the objections to the " trolley," 
seems likely to extend. 

The closed conduit has been employed experimentally with 
some success; having no slot the conductor is entirely 
protected from dirt and weather. It has been put down at 
Lyons in 1894, at Washington, and other places. In Gordon's 

*Made in January, 1888. See page 211. 
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system the metallic ground surface strip with which the contact 
was made, was divided into insulated sections 100 yards long. 
At equal mtervals magnets were placed which pulled with 71bs. 
effort, lifting the conductor into contact with its section of the 
metallic surface strip on the approach of a train. 

in Pollack's system the locomotive carried the magnet, lifting 
the conductor into contact as it passed along. In Germany, 
Schuckert found that contact could be more surely and easily 
made in the closed conduit by heaps of iron filings, which made 
innumerable contacts without lifting any great weight of metal. 
It has been imagined that in running after a tram of this 
description some would-be passenger might tread upon the 
magnet box and remain anchored there by the nails of his boots 
until the train had safely reached the other end of the section. 
Mr. Edison is said to be developing and building a ^-mile 
experimental line, to which he will supply a current of 1,000 
volts to be transformed at intervals to 20 volt currents in 
sections of the rail itself. This could not harm a horse or man, 
and if it proves practical should be a blessing to many a 
disfigured city of the United States and Canada by enabling 
them to remove the unsightly posts and overhead wires which 
also impede the free use of fire escape apparatus. But enough 
has been said about the conductors, and the principles involved 
in the construction and design of electric locomotives. Let us 
now consider briefly some examples. 

Examples* 

We may take these under four heads — 

1. Locomotives carrying accumulators or storage batteries. 

2. Qeared locomotives supplied with current from a fixed 

conductor, either overhead, near the ground, or 
underground. 
8. Direct driven locomotives supplied with current from a 
fixed conductor. 
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4 The Heilmann locomotive prodaoing its own eleotricity 
as it travels. 

Locomotives driven by storage batteries have not been largely 
introduced chiefly on account of the difficulty of carrying 
sufficient power to start smartly and to ascend inclines. There 
are numerous cases where these have taken the place of trams 
driven by horses. For instance, in 1898 on Second Avenue, 
New York, 7 ton tramcars on the Waddell-Entz system were 
taking their places among the 5 to 6 miles an hour horse-cars 
in the crowded thoroughfares, and running 12-mile trips between 
charges, including the ascent of a 1 in 40 grade for a length of 
half a mile. In Paris, three tramways of varying lengths up to 
5 miles are entirely worked by accumulators. The motor and 
passenger car are combined in one vehicle and weigh when 
loaded 11} and 14 tons. The latter have been at work three 
years, and each carries 8 tons of accumulators, consisting of 
108 cells, each containing eleven plates 8in. x 8in. These 
vehicles run 28 miles without recharging. The Batteries are 
charged to 260 volts and have sometimes retained the charge 
six hours. These batteries give up 70 % of the energy absorbed 
and the arrangement for unloading and loading them are such 
that this operation can be accomplished in five minutes. 

Some of the leading French Railways have been experimenting 
on this type of locomotive upon a larger scale. The Northern 
of France Railway built an engine in 1893, calculated to run at 
125 miles per hour. It was driven by four motors, each with 
a maximum power of 100 horses. 

The Paris, Lyons, and Mediterranean Railway took up the 
following design of Messrs. Bonneau and Desrozier, but it was 
not built — 

O Q Q QQ 

W- 14^' n'^' 1&^'^~^ QO'^'iiiMVii^ 
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The weight of acumulators to be carried was 8*94 tons and the 
engine was to develop 1483 H' at a speed of 74 miles per hour. 
The weight of the armature and its carrying tube was to be 
supported by springs upon the frame of the locomotive, and 
thence upon outside axle boxes. Farther particulars may be 
found in the reports of the International Eailway Congress, 1895. 

The same Railway Company undertook in 1893 the construc- 
tion of a somewhat smaller experimental accumulator-driven 
machine of 246 ff , in which the two axles were each driven. 
The field magnets were excited by accumulators carried upon the 
machine itself ; but the chief source of energy was a battery of 
accumulators carried in a separate vehicle and weighing 44 tons.* 
This Railway Company has now abandoned its experiments 
with electric locomotives, but persons interested in electric 
traction upon our main lines of Eailway, will await with 
interest the results of further trials which are to be made with 
other engines in France. 

The second heading in our classification is Geared Locos., 
fed by an outside current. One of the most noteworthy 
of these is the Blackpool promenade tramway, with its under- 
ground conductor, which has been in successful and almost 
constant use for about 10 years. It is unnecessary to describe 
here the details of this tramway, but as an example of actual 
working I would record the following notes taken in the Power 
House in January, 1888, with 3 cars working : 

The voltage was 240. Each of the 3 cars on the road took 
about 20 amperes of current or 6^ H' ; this was produced by 
one Elwell-Parker dynamo. When starting in the early morn- 
ing there is a considerable leak in the line amounting sometimes 
to 80 amperes, or equal to the power to drive 4 cars; but this 
leakage diminishes rapidly, until in about half an hour it has 
become normal. By means of keeping the commutator smooth 

* See Beports of International Bailvay Oongreas, 1895. 
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and applying bat little pressure to the brashes, the dynamo 
was ranning very evenly in spite of the severe variations of 
current. 

An example may be seen in the saburbs of Lynn, Mass., of 
the method of gearing by pitch chains and sprocket wheels. 
It has been applied to several small street locomotives, and has 
some good features. The whole weight of the motor is thus 
taken off the axle, and the elasticity of the connection between 
armatare and axle is excellent. I found tram locomotives 
of this type running at considerable speed over a second rate 
rail, and the motors being completely carried upon the car 
frame were not affected by the irregular motion of their 
driven axles. Dust gets into the chain, however, and this form 
of gearing is not yet popular. 

Oouplmg rods have been employed to connect the armature, 
which is placed in the oar, with the axle. Two armatures — 
one for each axle — and running in one magnetic field, have 
thus been fitted. These armatures must run at the same speed 
as their respective axles, and are therefore heavier than other 
geared armatures. The reciprocating forces in the coupling 
rods re-introduce the fundamental difficulties of the steam 
locomotive, necessitating broad hornblocks and well-fitted joints. 
These are found to be unnecessary with the perfectly uniform 
turning effort in other forms of the electric locomotive ; the use 
of coupling rods has therefore not found much favour. 

Double Geared. Gearing by means of a worm enables a 
considerable power to be obtained with a very small motor, 
but this method is only employed for very small speeds. 

Qoods' locomotives are frequently made with double spur 
gears, and the advantage of a comparatively small motor run- 
ning at a high speed is thus obtained. This method had been 
formerly used for speeds of 10-20 miles per hour, but the 
momemtum of the gear together with the jars upon the axle. 
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caused the teeth to break and the keys to come loose. The 
system of double gear, or double reduction, is now used only 
for slow moving machines. 

An example may be seen in a two-axled mining engine made 
for a Terra Cotta Works, by the General Electric Co., U.S. 
Gauge 2ft. 6in. ; the frame is of cast-iron, 9ft. Sin. in length ; 
the wheelbase is 8ft. 4in., and the extreme height exclusive of 
the trolley pole, which reaches to the overhead conductor, is 
dft. There is only one armature, the shaft of which gears into 
two intermediate pinion shafts, each of which gears directly 
into a spur wheel on one of the two main carrying axles. The 
wheels are 28in. diam., and the traction power 3,0001bs; the 
speed can reach 6 to 10 miles per hour, and the total weight 
of the locomotive is 6*7 tons. 

Double reduction, bevel and spur gear, enclosed in an oil 
tight case is employed by Siemens in the 18in. gauge 
locomotive used by the contractor for the Waterloo and City 
Electric Railway. The current is supplied by a flexible twin 
cable attached to a trolley running upon two overhead 
conductors, having a difference of potential of 200 volts. The 
motor employed is that known as Siemens H. B. 8/10, and the 
locomotive will haul 5 tons at a speed of 7 miles per hour on 
the level, or 8 miles per hour up a grade of 1 in 60. The whole 
is covered with a canopy. The switch regulator is arranged in 
a quadrant at either end of the engine. This not only governs 
the motor, but is connected with the brake lever and head lamp. 
A pneumatic horn and reversing and emergency switches are 
also within reach of the driver.* 

The framework and gearing of this class of engine are 
sometimes hung upon stiff springs. A heavy engine was made 
in 1892 by Messrs. Mather and Piatt for some iron works in 

* See " The Engineer/' August Sad, 1895. 
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Sweden. In outward appearance this resembles the City 
and South London underground railway looomotiyes,* con- 
structed by Messrs. Mather and Piatt, with the assistance 
of Messrs. Beyer, Peacock, and Co. A 800 volt current is 
employed, and in the Swedish engine the gearing between the 
double armature and the axle is in the proportion of 10 to 1. 

Single BeduLction, By far the greatest number of electric 
street motors running at the present day are driven by single 
reduction gearing in the proportion of 4 or 4^ to 1. In the 
workshops at Pittsburgh and at Lynn these gear-wheel blanks 
may be seen fixed in rows of automatic gear-cutting machines, 
in which two complete teeth are cut from the solid blank at 
each stroke of the machine table. 

The extent to which this system of motors has come into use 
in America may be illustrated by the amount of traffic on the 
electric roads of Chicago upon a single day which I spent in 
the Columbian Exhibition. There were 26 miles of electric 
tramway in the city, upon which ran 51 double motor cars, 
10 single motor cars, and 73 trailing cars. Upon this one day 
in October, 1893, 11,271 car miles were run and 208,575 
passengers carried. The electric supply was maintained 
throughout the day at an average pressure of 540 volts. For 
20 hours the average flow of electricity was 1,050 amperes, the 
maximum output being 17,000 amperes. The coal consumed 
during the day in producing this electricity was 23 tons.f 

The popularity of this overhead trolley system may be further 
illustrated by the traffic over the electric street railways in 
Pittsburgh on the 4th July last, when the number of fares taken 
was equal to the whole population of the city. 

The same system is working well on the Eoundhay Park 
tramway in the neighbourhood of Leeds, but the regulations of 

* See Institution of Civil Engineers, Feb. 14th, 1893, Dr. Edward HopUnson. See 
also page 216. 

t See "Engineering,** Jannarj 11th, 1895. 
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the city do not yet permit the overhead wire to be used within 
the city. This tramway * has been well laid. Steel girder rails 
9in. deep, and weighing 981bs. per yard, have been laid upon a 
bed of conorete 18in. wide. The cars are each fitted with two 
single reduction motors of 15 H', and they run about 8 miles 
per hour, the motor revolving at the rate of 866 per minute. 
The tramway was completed in August, 1889. It is 8i miles 
long and the steepest grade is 1 in 20 for quarter of a mile. 
The weight of each of these 15 H' motors is 2,0601bs., and that 
of the spur gearing 2151bs., making together 2 tons of propelling 
machinery per motor, or 4 tons per car. 

The most recent applications of the trolley system in this 
country are now to be found in Dublin and Bristol. In the 
latter place the leakage of current, which Mr. Preece has 
recently f spoken of as affecting the telegraph circuits much 
more seriously than those of the telephone, has been reduced to 
a very small amount. Volt meters are connected to the 
extreme and the power house ends of the return wire to 
record the leakage. 

A recent example of an English-made electric street railway is 
that erected by Siemens at Hobart, Tasmania. I had an oppor- 
tunity of examining this shortly before it was opened in September, 
1898. It is 8| miles in length and traverses many hiUs. The 
maximum grade is 1 in 17, being the steepest of the English 
made lines, except that at Brighton, which is 1 in 14. The 
sharpest curve is 70ft. radius. Three stationary steam engines 
are coupled direct to three dynamos respectively. These supply* 
a current of 500 volts to the overhead conductor, upon which 
the trollies of 20 motor cars run. 

Very little attention seems to have been given to the strength 
of motor axles during the early days of electric street oars in 

* Bee Electric Traction, by Beckenzann, 1892. 
t See British Association Meeting at Ipswloh, 1895. 
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Amerioa. The old horse car azle was loaded with the dead 
weight of both gearing and magnets until it broke. It was then 
strengthened and made of Bessemer steel. Bat recent develop- 
ments of springs and levers supporting the dead weight, coupled 
with a more substantial permanent way, have greatly reduced 
these breakages. There is, however, no constructional difficulty 
in making the axle as strong as needful, and in the form of a 
tube if desired. 

The Detroit Electric Go. have obtained the advantages of 
stability, previously claimed for the method of chain driving, 
by using bevel gears and a hollow shaft driving the axle 
through helical springs. 

Direct Drvoen, We now come to the direct driven loco- 
motive with its less friction and wear, but larger motor. An 
example of this has already been described* in the 27 ton 
experimental machine exhibited and tested in a '< Tug of War " 
at Chicago. 

One of the earliest and perhaps most successful of the direct 
driven locomotives is to be seen on the City and South of London 
tunnel.f This engine weighs 10^ tons upon two axles, each 
of which carries, besides its own armature, half-a-ton of the dead 
weight of its field magnet upon a pair of journals. The other 
ends of the field magnets which are inclined at an angle of 45^ 
are suspended from a girder spanning the frames. These motors 
can each exert 50 H' at a speed of 25 miles per hour. While 
running the current varies between 50 and 100 amperes, though 
this may rise to 150 amperes upon the steepest grades, and the 
maximum tractive effort at starting may exceed 1 ton. Westing- 
house air brakes are fitted both to engines and train, the air 
being stored in reservoirs upon the engine and replenished at 
the terminal station. 

* See page aOS. 
t See IntenufeioiukI Bailway Congress, Question Vm.; 1895* 
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The Liverpool Overhead Railway,* the locomotives for which 
were constructed by the Elwell, Parker Co., is another example 
of the successfal application of the direct driven system. The 
dead weight apon one axle here reaches about 50 cwt., which is, 
however, partly supported by helical springs. This railway is 
too familiar to members to need any description here, but it is 
worth noting that after two years continual service, some of the 
motors have run 60,000 miles, and the flanges of the wheels are 
now being turned. 

An interesting experiment has been made this year by some 
of the Eastern Bail Roads of the United States in adopting 
electric traction upon some of their non-paying light branch lines. 
One of these, the Nantasket Beach Railway, was opened for 
regular electric traffic at reduced fares on 30th June last. It is 
a branch of the N. Y. N. H & H. R. R., and is 7 miles long. The 
cross section of the overhead conductor is shaped like a squash 
with a flat bottom to give bearing surface for the trolley which 
picks up the 700 volt current. The locomotives are of two sizes, 
each of which has the appearance of a double bogie covered 
wagon. The more powerful of these has a 100 5^ motor upon 
each of the four axles, and can exert a pull of 8,000 lbs. The 
smaller engine has only two axles driven. The rest of the train 
consists of open passenger cars. Goods are carried in a portion 
of the locomotive van, and their weight thus increases the 
adhesion of the locomotive. Air brakes are supplied by motor 
driven pumps. The wheels are 83iQ. diam., and the engine 
weighs 80 tons. The electric motors are cased in water-tight 
and fireproof covers, an arrangement in use also on the Chicago 
Metropolitan Elevated Railway. The points of the permanent 
way and those of the overhead conductor are so arranged that 
they move together. 

* S«e Minutes of Institution ot Civil En^eers, February, 1894, T. Parker. 
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The Pennsylvania Bail Eoad Go. has also converted one of 
its branch lines — ^from Mount Holly to Burlington — which could 
not be made to pay when worked by steam. If the experiment 
proves successful several other branch lines will be converted to 
electric lines. The overhead conductor is of hard drawn copper, 
and is fed by a triple braided weather proof cable. The line is 
7 miles long, has easy grades, and the goods trafiSc is light. 

The largest electric locomotive yet constructed in America is 
that for working the Baltimore Belt Line, which consists 
largely of tunnels. Ordinary railway carriages and wagons are 
drawn through these tunnels, and electricity was adopted as a 
motive power to avoid fouling the tunnels with smoke and 
burnt gases. They are to be painted white and lighted with 
electricity ; but the present precaution of hauling a smoking 
locomotive with the train is said to increase the smoke nuisance. 
The line and the locomotives have been described by Dr. Louis 
Duncan before the railro^kd telegraph Superintendents in June 
last, but time will only allow us to notice a few points in the 
locomotives. They weigh 96 tons, and are carried upon two 
bogies. Since I had the privilege of seeing one of these loco- 
motives in the workshop of the General Electric Company, 
Lynn in 1893, much labour and skill has been, doubtless, 
bestowed upon the engine to bring it to its present condition. 

The draw bar pull is calculated to be 47,5001bs. 

The wheels, of cast steel, steel tyred, are 5fi;. 2in. diam. 

The journals measure 6in. x 8f in. 

Wheel base of each truck 6ft. lOin. 

Total height 14ft. Sin. 

Total length d4ft 8m. 

Total width 9ft. 6^in. 
The motors have six pole pieces, and are flexibly supported ; 
each motor weighs over 11 tons. The whole of the electrical 
gear is surmounted by a sheet iron cab, within which are found 
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a ''series paraller' controller, electric air pump, air brakes, 
air whistle, bell, safety devices, &c. The full draw-bar^, pull 
can be exerted up to 15 miles per hour, and half the full draw- 
bar pull up to 80 miles per hour. The current is supplied at 
500 volts. When running at 15 miles per hour with full load 
2,700 amperes will flow, and the engine will develop about 
1,600 horse power. The motors are run two in series, thus 
allowing a pressure of 250 volts, to each motor. There is a 
double road and all four rails compose the return con- 
ductor, together with a heavy copper cable laid in a wood 
trough. The torque is uniform, and it can pull a steam 
locomotive if the two have equal weight upon their driving or 
coupled wheels.* 

A test was made of this engine on 8th July last when the 
construction of the shoe for picking up the current proved 
inadequate for the enormous current required. The conductor 
consists of two Z irons fixed on a plate 12in. wide, leaving a 
slot lin. wide at their lower edges. Within the space enclosed 
by these two Z irons, slides a shuttle or brass shoe attached to 
the engine. This shoe is 2ft. loog and Tin. wide, and weighs 
25lbs. On the day of the test this shoe became red hot, and 
while hauling a load of 24 loaded coal cars and a steam 
locomotive it expanded to such an extent that it stuck fast, and 
the train had to be removed from the tunnel by the steam 
locomotive in two sections. It is supposed that the heating was 
caused by the imperfect contact between the slipper and the 
Z iron conductor, caused by the deposit which had formed due 
to the moisture from the roof of the tunnel. The speeds 
attained by this engine have hitherto been slow, but we shall 
look with interest for the result of further experiments with 
this largest development of a system which has become so 
popular in America, f 

* For fnrthfir p«rtioalan see " Bail Boad Gazette," Jane 28th, 1805. 

t A recent yisitor to Baltimore informs me that this engine i» now (January, 1896) 
working rqgialar goods traffic 
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The Seilmann locomotive, which was hnilt and worked 
SQOoessfully on several main lines of the French railways last 
year, has called forth much criticism, approaching sometimes 
almost to ridicule on the part of some leading engineers. But 
having ran regular trains at high speeds we must regard it as 
hitherto the largest successfully worked electric locomotive. 

The peculiarity of this machine is that it carries a complete 
generating station on board. The electricity is produced as it 
is required. By running a highly economical engine at a uniform 
speed, the electricity can be economically produced whether a 
large or a small amount be required. 

The chief advantages of the Heilmann engine have been 
stated thus — 

1. It will run on existing railways. 

2. The economy with which the steam can be used in the 

high speed generating engine. 
8. Remarkable smoothness of motion up to 62 miles 
per hour. 

4. Reduction of resistance, the average co-efficient being 

181bs. per ton. 

5. A fuel saving of 15% compared with the steam loco- 

motives of the Western of France Railway. 

The original Heilmann engine was well illustrated in 
<< Engineering " of June 2nd and 16th, 1898. 

The steam engine was made by Mr. Charles Brown. It is a 
compound horizontal engine, with cylindrical valves ; boiler 
pressure, 12atm. or IBOlbs. per square inch ; cylinders, 17*67 
and 25*56 diam. x ll'Sin. stroke ; at 860 revolutions it developed 
600 ff ; at 600 revolutions it developed 1,000 ff . 

The oscillation caused by this engine placed across the frame 
was such as to lead to the adoption of vertical engines in the 
new Heilmann engine which is now being built. 
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The Dynamo is a six pole machine producing direct current 
and measoring 6*56ft. across ; armature 4ft. diameter. Output 
at 860 revolutions =1,025 amperes at 400 volts =s 410 kilo- 
watts =560 effect H'. There is a vertical engine and exciting 
dynamo, which is also used for lighting the train. 

The motors are eight in number. Each armature surrounds 
an axle and drives the wheel direct through the intervention of 
helical springs. Each motor weighs 2*7 tons and has a horse- 
power =80. 

This engine has been used upon express train service of the 
Western of France Bailway, both near Paris and near Havre. 
One trial* took place between Paris and Mantes, on Feb. 9th, 
1894. The distance is 86 miles, and the grades are up and 
down, including four miles of 1 in 150, and seven miles of 
1 in 200. 

Special Tbain (down). 

Locomotive 

5 First Glass ... 

2 Vans 

200 Passengers 



••• 



120 tons. 
68 tons. 


188 tons. 



Time, 50 minutes, or average speed 48*75 miles per hour. 
Maximum speed 62 miles per hour. 

Ordinabt Express (up). 

6 Oars and 2 Vans and Locomotive — 192 tons. 
Speed was 86*25 miles per hour average, and equal to the time 
table speed. 

The experiments with this enginef were so encouraging that 
the Heilmann syndicate are now building two larger locomotives, 
making several alterations based upon the experience gained 



* See Engineering, Maj ISth, 1894. 
fSee Engineering, September SBth, 18M. 
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with the first engine. The work is being constmcted by 
different firms. In this oonntry Messrs. Willans & Bobinson 
are making the steam engines, and in France the frames are 
being made at Orensot ; while M. Moyen, the Loco. Superin- 
tendent of the Western of France Bailway, is helping to 
construct the engines. Their erection is actually being carried 
out in the workshops of Messrs. Oail, of Paris, where they are 
expected to be completed in about four months. 

The following is a list of the principal differences between 
the new and the former : — 

HEILMANN LOCOMOTIVE. 





Built 1893. 


Building 1895. 


Boiler 


Lentz Type 


Standard, Western of 
France. 


Steam Engine 


Horizontal, 800 H.P., 
oomponnd, short stroke, 
too heavy and bnlky. 


Willans' Vertical, 1,500 
H.P., compact, light, 
and efficient. 


Dynamo 


Direct Multipolar, 800 
H.P , Brown type. 


Direct Multipolar, 1500 
H.P., Brown type. 


Motors 


75 H.P. eaiRh at full speed 


125 H.P. each at full speed 


Weight 


120 tons. 


120 tons. 


Max. Power 


Aboat 1. 


About 2. 


Total Motor 
H.P. at62m. 
per hour 


600 effective. 


1,000 effective. 


Wght. of Motors 


2*7 tons each. 


3*3 tons each. 


(Gramme) 


• 




Do. do. 


801bs per H.P. 


581bs. per H.P. 


Driving 


Armature and wheels 
rigid. 


Armature connected to 
wheels through elastic 
coupling. 



The existing engine runs in one direction only, viz., with the 
boiler in front. The machine carries so mach apparatus that it 
has been described as a travelling laboratory. 
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The economy in fuel claimed for this engine daring its trials 
hauling express trains were scarcely such as to prove the 
economy of the system compared with good locomotiyes ; but 
the Heilmann engine, notwithstanding several mechanical 
defects in the first machine, and the somewhat disparaging 
remarks of the President of the Institution of Mechanical 
Engineers, * has some valuable features, and the railway 
engineers will look with interest for the experiments to be made 
upon the Paris — Trouville seaside traffic by the new engine, 
which is expected to be running next Summer. 

The subject of heavy electric lomotives is thus seen to be in 
an experimental stage and surrounded by practical difficulties, 
which require the skill of the electrician's and mechanic's hand 
and brain before it can be pronounced commercially successful. 

Schemes. — A word should be said about some of the other 
electric schemes of the last few years, which have not yet been 
carried to a successful issue. 

The Bentley-Enight engine was designed some years ago. 
It had three pairs of large driving wheels, and was to exert 
670 ff , but was never built, f 

The Canadian Pacific Railway have had under consideration 
a scheme of some German engineers to work the traffic of their 
main line over the Kicking Horse Pass with a long gradiant of 
1 in 28 by electricity, to be provided by the boundless water- 
power of the district. The trains are now drawn through the 
pass by three locomotives of large size, and it does not seem 
likely that such heavy and infrequent trains will be hauled by 
electricity before further advance has been made in the 
construction of electric locomotives. 

Schemes for running express trains by electricity between 
great centres of population have received considerable attention. 

* See President's Address, 1896. 
fSee the <*EIeotrio Molor and its applioatioiui,** ^ Marfcixi and Wetsler, 1887. 
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That of Zypemowski, to connect the capitals of Vienna and 
Bnda Pesth by a railway ninning 150 miles along the com- 
paratiyely level banks of the Danube, covering the distance 
in one hour, shows the direction in which continental schemers 
have been working. The rails were to weigh llOlbs. per 
yard, and the Unes to be laid 88 feet apart. The wheel 
flanges were to be 2in. deep, and the speed to reach 160 miles 
per hour. This was to be effected by high tension current 
suppUed by a feeder to reducing stations, placed at intervals of 
10 miles. 

The scheme of Dr. Wellington Adams to connect the cities 
of Chicago and St. Louis was intended to be worked upon the 
same principle of high tension current and reducing stations. 
These locomotives were to have two pairs of driving wheels 6ft. 
diameter, and exerting 800 H^. The distance is 248 miles, and 
as described by Dr. Adams,* the cost was to be ;$f 6,000,000. 
The railway would be capable of carrying 8,000,000 visitors to 
the World's Fair at Chicago, in 1898, at a cost of J^5 each for 
the double journey. It is perhaps needless to add that the 
St. Louis visitors had to avail themselves of the old-fashioned 
steam railway to visit the Columbian Exhibition. 

The possibility of attaining such speeds as Zypemowski and 
Adams propose has not yet been proved, though we have the 
statement by Mr. Head, at the recent meetings of the British 
Association, that 50 miles per hour had been attained by a 
single electric car, and we are told thatf Mr. Weems, at Laurel, 
Mass., ran an electric locomotive at 116 miles per hour not long 
ago, using the overhead wire as a conductor. 

A more practical step has recently been taken by the Chicago 
and Northern Pacific Railroad Company in applying for powers 
to run electric locomotives upon its suburban lines, including a 

*See New Tork Blectrio Club, June 2nd, 1892. 
t See Fzeller, in Bngineering, June Snd, 1898. 
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total mileage of 85 miles. I am not aware of any real trials 
having yet been made on these lines, although the possibilities 
of carrying out snch a scheme are now within reach. 

COST. 

Hitherto the use of large electric locomotives has been 
experimental only, and little can be yet known of their cost. 
It is also unfortunate that so little is known of the cost of 
construction and working of the Chicago Intramural Railway, 
which worked so admirably. We must therefore be contented 
with snch information on this head as can be obtained relating 
to the English third rail lines and the street railways. Since 
the lavish expenditure at Richmond * many economies have 
been effected most of all in the standardizing of fittings, motors, 
dynamos, &c., and their manufacture in great numbers. 

From information I gathered in the United States in 1898, 
and from other figures more recently published by Mr. Philip 
Dawson,t it may be stated that the initial cost of power house, 
generating plant, car shed, rolling stock motors, and their 
immediate accessories is about £1,000 per motor car equipped. 

The initial cost of permanent way (exclusive of paving) rail- 
binding, elevated conductors, wooden poles, insulation, and 
suspension is about £2,000 per mile of single track. Taking 
the permanent way alone, it can be laid, including paving, for 
£4,898 per mile of single track; £9,449 per mile of double 781bs. 
step rail. 

The cost of operating electric tramways is frequently large 
during the initial stages, but like every other mechanical con- 
trivance it runs more smoothly as it becomes better understood. 
The running expenses of the Oity and South of London Railway 
for the first half of 1891 were 8*4 pence per mile; for the 
corresponding half of 1898 they had fallen to 5*81 pence, when 

* Sm Street Ballvaj Motors, H. Hanpt, Philadelphia, 1898. 
t See *' Engineering," 1896. 
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the cost per Board of Trade Unit, inolnding office expenses, 
reached 1*66 pence. Again, cost of operating * 6 miles of double 
track electric line per day of 16 hoars, in the United States — 

184 tons of coal for 600 ff ^40.50 

120 motor men and conductors (jf2) 240 

Repairs to cars, trucks, and motors 140 

Repairs to track, overhead construction, 

and buildings 80 

Other items 808-60 

Operating 6,700 miles »= 809*00 
Cost per car mile = 14*04 cents, or about 7 pence. 

The cost of operating a cable and an electric line is nearly 
the same for an equal length of road and the same car mileage. 
The depreciation of the cable is almost offset by the repairs of 
the overhead wires and dynamo tenders, other items being the 
same. 

The relative cost of operating tramways by electricity, horses 
and steam, when each is in regular order, may be taken from 
the cost of three large typical tramways : — 

Electricity — City of London 6.81 pence. 

Horses — Frankfort 8*02 „ 

Steam — Birmingham, average of 4 lines. 7*81 ,, 

The Halle electric trams, among the most successful in 
Germany, notwithstanding the low fare l^d., are very com- 
fortable. The cost of working them amounts to 69 % of the 
receipts, leaving sufficient profit for a dividend of 6*1 %. 

The Boston tram system has hitherto cost about 1/- per car 
mile, which is about the same as that of the old horse-car 
system. But this cost is being reduced as the system grows, 
and the cost of operating in the less crowded districts is from 
4d. to 6d. per car mile. 

* For fortlier ioformation see " The Eleotrio Bailvay," hj Crosby and BeH, 1898. 
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We are thus brought to the conclusion that there is an 
important future before the electric locomotive. The chief 
direction in which it has been successful is in light suburban 
passenger traffic ; superseding not only the horse-trams but 
also the ordinary railways. It is frequently spoken of as the 
*'poor man's means of travel,'* and the thickly populated 
counties of England seem to be a promising field for its intro- 
duction. For underground service it has an assured success. 

Where water-power is available, or an electric supply already 
in existence, the operating expenses of electric tramways are 
low. Without these advantages the operating expenses of a 
frequent but not too crowded service are lower than those of 
horse or steam-worked tramways. But for express and heavy 
traffic upon our main trunk lines the experiments hitherto 
carried out do not lead us to expect that electricity will super- 
sede steam in the immediate future. 

Finally, the Bailway Oompanies would act wisely in 
developing electric feeding lines in thickly populated districts, 
otherwise new competing electric railways are likely to spring 
up which may deprive the older companies of much of their 
local traffic. 



DISCUSSION. 



The Chairman, Mr. T. Daniels (ex-President), observed that 
the subject had been put before the members in a very practical 
way. He agreed with the author's remark that it would be 
some time before electric locomotives could be used for heavy 
traffic, or run at great speeds on the main lines, so that, under 
those circumstances, steam engine makers would not lose their 
trade, at any rate, for the present. In respect to their construe- 
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tion, he did not see how eleotrio motors oould compete with 
steam locomotives, although he admitted they acted veiy well 
on the South London Railway. The steam locomotive was now 
so very simple and economical in construction, that if the 
question of economy and first cost was considered, the steam 
motor would remain for some time to come. With regard to 
the Heilmann locomotive, the Frenchmen seemed to be taking 
the matter up with more than their usual amount of vigour, 
but he certainly thought it would cost a good deal of money 
if it were to be made a success. 

Mr. T. AsHBUBT remarked that it was refreshing to hear such 
a capital defender of the steam locomotive as their Chairman — 
sixty or seventy years ago there were many who spoke of it 
just as the Ohairman had spoken of the electric locomotive^ 
that night. It was a very unwise thing to prophesy. The 
author had certainly given them a very successful and elaborate 
paper. He (Mr. Ashbury) thought some of the members would 
remember the time— 12 or 18 years ago— when they were 
invited by Mr. Holroyd Smith to go and see an experimental 
electric tramcar down at Gombrook, which was the forerunner 
of the Blackpool system. Some of them, at that time, thought 
there was a great future for it, and their anticipations had been 
realised. And now they were also told that whereas on Mr. 
Worthington's first visit to America only one electric railway 
was working successfully, there were on his more recent visit 
18,000 miles of electric railway in the States, thus showing the 
remarkable development that had taken place in that Continent. 
All must readily admit that they ought to have something better 
and more pleasant to travel in than steam trams, and he 
thought they would find in electricity the future power to work 
their tramway systems. The anther had referred to various 
examples of electric motors, but he (Mr. Ashbury) thought the 
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chief point to consider was whether a car or loco motive was 
self-contained. There appeared to be so many objections as to 
how the conductors, &c., were arranged, that a self-contained 
locomotive was midoubtedly the ideal one. He trusted that 
when the new Heilmann locomotive was ready, the results 
would be such as to stimulate similar enterprise in this country. 
The electric locomotive was, in his opinion, the motor of the 
future, especially for tramway requirements, and when they 
considered the rapid advance made by electricity in its applica- 
tion to machines, cranes, &c., and the facts revealed to them 
that night in Mr. Worthington's paper, they were brought to 
the conclusion that during the next ten years the results of 
its application in the direction indicated would be such as they 
could not, at present, form any conception of. 

Mr. Joseph Adahson observed that there was not much fear 
of the Heilmann locomotive driving out the steam locomotive. 
If they had to transmit, say 1,000 H^, from any given point, 
there mast be some powerful means of communication between 
the generator and the point at which the power was to be 
utilised. He did not think they could transmit this power 
through a cable, or any other system at present known to him, 
as economically as they could transmit it direct from a pair of 
steam cylinders. No doubt the electrical system would be 
advantageous, if they were able to distribute the power over 
long distances, but the way to do this economically had yet to 
be found out. The adoption of electric railways would, however, 
certainly be beneficial in one respect, and that was in the 
discontinuance of the barbarous way in which the car-horses 
were frequently driven, owing to frequent stoppages, and the 
improvement in this respect would more than counterbalance 
the offence to the *' aesthetic" eye caused by the unsightliness 
of an overhead wire. Then again, he did not like the idea of 



880 ELEOTHIO LOOOMOTIYES. 

waiting till the Frenoh had made the electric locomotive a 
saooess. Manchester men had always been in the van of 
engineering enterprise ; and if the Heilmann locomotive or the 
electric locomotive was the best to adopt, it ought to be made 
in Manchester. The question of cost entered too largely into 
these discussions, and he could not help contrasting the 
encouraging manner in which the Americans received new 
ideas, and tried them, with the cold way in which Englishmen 
received a new idea, especially as regards electricity. He was 
quite sure that suburban traffic would, in the future, be worked 
by electricity. To what extent they would be able to transmit 
the power reqmred to work goods and express trains he was not 
prepared to say; he looked upon it as a new thing, and he 
thought they should give their moral support, if not pecuniary, 
towards advancing it. With regard to one of the switches 
described by Mr. Worthington, he was using it to drive one of 
his drilling machines, which had been working satisfactorily 
for three or four months. 

Mr. Tetlow asked whether in the new Heilmann locomotive 
the Lenz boiler was being given up because of lack of sufficient 
steam power. 

Mr. B. B. LiSTEB observed that the paper Would have been 
more satisfactory if it had been confined to the description of 
some one electric railway system or locomotive, and its working, 
and had given the first cost, cost of maintenance, and other 
necessary particulars. 

The Ohaibman said the locomotive maintenance might be 
taken at about 6d. per mile. For tramways and light railways 

the electricians were getting more economical results than steam 

engineers, but he did not think they would ever run the high 

speed locomotive off the track. 



DISCUSSION. 281 

Mr. Henbt Webb said he obeyed the Ohairman's call, bat he 
was reminded of the adage, '' fools rush in where wise men fear 
to tread." He knew nothing about electricity, and did not wish 
publicly to display his ignorance. However, he must thank Mr. 
Worthington very sincerely for his most excellent paper. He 
was told last Tuesday by one of the most eminent railway 
engineers of this district that they might expect an admirable 
paper, with the facts well arranged and ''up to date," and that 
prophesy had been amply fulfilled. There was one matter upon 
which he should be glad if the author could give them some 
information. He looked at the question from the standpoint of 
a metallurgist. On page 200 the author referred to the *^ pole 
pieces " being steel castings with only small allowances of 
Manganese, Silicon and Phosphorus. He had always been 
told by electricians that the presence of manganese was fatal 
to electrical efficiency. In the first motors, pole pieces made of 
Swedish iron were used, and it was now frequently asked for, 
but the electricians will not pay the price ; yet iron made from 
pure Swedish ores and melted and worked with charcoal was 
undoubtedly the best. The analysis of Swelish iron is — 

Carbon '16 Phosphorus '096 

Silick)n '086 Manganese — 

Sulphur — Iron 99-71 

Then for many years the pole pieces were made of scrap iron 
carefully annealed, the analysis of which is — 

Carbon '19 Phosphorus '14 

Silicon '14 Manganese — 

Sulphur -16 Iron 99-86 

He believed he was the very first to suggest that steel castings 
might be used, and the pole pieces consequently made much 
nearer the required shape and size than iron forging could be, 
and thus save some of the tooling. But he was told they must 
be absolutely free from manganese or they would not be of any 
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use. He replied they conld be so made, if they would allow the 
carbon to be high, but the electricians said this would make 
them more difficult to tool, and they must have a soft metal. 
7et, what did he find 7 He had gone to the trouble to analyse 
many steel castings used for this purpose, and the variation, to 
him, was surprising ; for example, one of the most eminent 
firms in England get their castings from abroad, and the 
analysis is — 

Oarbon *18 Phosphorus *05 

Silicon. *84 Manganese '61 

Sulphur -06 Iron 99-77 

And yet with manganese so very high they said they obtained 
the requisite electrical efficiency (he thought it was 96%). 
Another equally eminent firm used castings of English make, 
the analysis was — 

Oarbon '65 Phosphorus '05 

Silicon *05 Manganese — 

Sulphur -052 Iron 99-19 

Yet he had known castings supplied which, on analysis, showed 

Oarbon '82 Phosphorus .... -07 

Silicon -046 Manganese ...... — 

Sulphur 05 Iron 99-51 

And they were condemned, as the motors did not show the 
required electrical efficiency by 12 %. Gould Mr. Worthington 
give any explanation of these strange variations ? Mr. Worth- 
ington said, '< the castings are made carefully with risers as large 
as the castings to secure solidity." This was very wasteful 
and wholly unnecessary, for by the use of a small quantity of 
<*ferro aluminium" good sound castings could be secured, 
without large risers. 

What the paper said about the Heilmann engine was sur- 
prising ; to convert steam into electric energy must mean at 
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least a loss of 5 %, and our engineers must try to meet this new 
departure with a more economical steam locomotive. 

He admired the author's caution in the last sentence of the 
paper, where he said <Hhe Bailway Companies would act wisely 
in developing electric feeding lines in thickly populated 
districts,*' In these days of agricultural depression, and the 
many suggested remedies to bring the produce to the consumer, 
are electric railways; but as the majority would not be in 
<< thickly populated districts," he supposed the author thought 
this should be done by some other authority, and not by the 
Bailway Oompanies. 

Mr. G. H. GoLLiEB referred to several ingenious electrical 
appliances which he had seen in Hyde — especially two very 
simple designs in drilling machines, in which a great deal of 
the usual mechanism was dispensed with to advantage. 

Mr. Gilbert Lewis asked whether the weight of the wheels 
in electric locomotives was of itself sufficient for the traction of 
the engine, or whether any dead-weight was required. With 
regard to the question of cost, which was no doubt an important 
point, it should of course be carefully considered ; and before 
spending their money to any large extent, they should consider 
whether the thing would eventually be a success. One question 
which cropped up with regard to electric locomotives was 
whether they should carry their own power, or be supplied from a 
central station. Judging from the Manchester Hydraulic Station, 
it became questionable whether centralisation was a success. 
He could not see why it should not be more economical than it 
was, in the above case ; either the Corporation were getting a 
large profit out of it, or there were some defects in the system. 

Mr. Hans Benold referred to the use of chains for transmitting 
the power from the high speed armature shaft to the compara- 
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tively slow moving oar axles. As early as 1882 he said Mr. Volk 
nsed chain gear on an electrical oar in Brighton, which was 
mnning for several years. Messrs. Siemens, of London, who 
supplied the electrical equipment to the Giants' Oauseway lines 
in 1884, also nsed his (Mr. Benold's) chain gear. This line with 
some six or eight cars had now been mnning for 11 years. In 
1885, he supplied some powerful chains to the Bessbrook 
Electrical Railway, which was electrically equipped by Messrs. 
Mather & Piatt of our city. This line had been doing a very 
heavy service for 10 years, and the chain gear had proved fairly 
satisfactory. The Blackpool ears also were running for some 
time equipped with his chains. Electrical car work seemed to 
him to be very much like that of cycle driving, where nothing 
had proved so satisfactory and simple as chain gear. The 
conditions met with were the following : — 

1. A certain amount of flexibility or unrigidness must exist 

between the power giving and receiving axles. 

2. A very great margin of strength must be provided beyond 

that required for the ordinary work, to meet the sudden 

startings of the car. (No less a safety than 30 has been 

found to give satisfactory results.) 
8. A great reduction of speed from dynamo to car axle is 

required, and no large diameter wheels are admissable. 

All frictional methods have been found wanting, not 

being able to withstand the grit of the roads or the wet. 
4. The transmission of power should be noiseless or 

nearly so. 
Whilst above-named applications could not be cited as com- 
pletely satisfEbctory, still they had offered a valuable field for 
gathering experience, and had formed stepping stones to find 
a more complete method. For some 10 to 12 months he had 
now had under test a new form of chain and wheels which had 
been found very satisfactory, and one more of the several 
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diffionlties which had hitherto retarded Electical Traction would 
have been solved. 

Mr. WoBTHJNGTON, in replying upon the discussion, said he 
had probably been rather misunderstood in regard to the 
the Heilmann locomotive. He did not wish to advocate it, 
nor put it forward as a successful type. It had not, in his 
opinion, yet been proved successful. Trials had, it was true, 
been made up to 60 miles an hour, but they were by no means 
conclusive, and they must look entirely to the experiments made 
with the new engine before definitely pronouncing an opinion on 
the subject. Professor Kennedy had dismissed the subject with 
words of ridicule, and perhaps this severe treatment of the 
question had led him (Mr. Worthington) to draw attention to 
the advantageous use of steam in the Heilmann engine under 
variations of load, such as was impossible to obtain in the 
ordinary locomotive, where the piston speed was absolutely 
dependent upon the rate of travelling. He agreed with Mr. 
Adamson that if there was anything in the theory of electric 
locomotives, we ought to seize those theoretical ideas, and work 
them out in practice, till something tangible was evolved. The 
English ought to be the first nation in the world in developing 
new things, when there was something tangible in them, but 
they were, in this particular instance, unfortunately, far behind 
other nations — ^particularly the Americans. With regard to 
cost, in some cases enormous sums of money had been spent in 
developing electric locomotives, and he had been told by an 
American engineer that three years experiments with the 
Baltimore locomotive had cost £40,000. 

As to the cruelty to horses practiced in ordinary street cars, 
he entirely agreed with Mr. Adamson, and they could find no 
better title for a paper to be read before the S. P. G. A. than 
''Electric Locomotives." Beferring again to the Heilmann 
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locomotive, he thought they might leave it for the Frenchmen 
to develop. It was entirely in the hands of a French syndicate, 
who would, no douht, do their utmost to make it a success 
before any one else touched it. He was glad to hear from Mr. 
Adamson that he had got hold of a switch that would regulate 
drilling or any other machines ; it must be a very well thought 
out design. 

With regard to the Lenz boiler, he had been informed, though 
not on the best authority, that it had been given up in the new 
Heilmann locomotive, not because of want of steam capacity, 
but owing to the difficulty experienced with the staying. He 
agreed with Mr. Lister, that a more valuable paper might have 
been written if he had confined his remarks to the exhaustive 
consideration of one particular railway. With regard to cost of 
running electric locomotives, if electric railways were to be made 
of the size of ordinary railways, this cost would probably be more 
than was incurred with the present system ; but he thought we 
could not yet advocate the running of electric locomotives on 
main lines. Where the traffic allowed an interval of about ten 
minutes or less electric railways could be used with advantage, 
but where the intervals exceeded this amount the road could 
be worked at a less cost by steam. For example, where the 
service was about half an hour or twenty minutes, steam cars 
were the most economical, but for three or four minutes service, 
the electric system was the best. This statement had been 
proved in practice, and as the frequent service last referred to 
was much the more common in our large towns, the use of 
electricity in this direction would be appreciated. 

Mr. Webb had gone very fully into a most interesting 
question, as to the steel required for dynamo pole pieces ; he 
might mention that at the works in Lynn, to which he had 
referred, and which made steel castings for the Qeneral Elec- 
trical Company, these were made in the same foundry as 
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oommon steel castings, and they had therefore to take every 
precaatioD, sach as making enormous heads, to make them good, 
as the other castings were made with no risers at all. 

With regard to the chemical composition of these poles, the 
American makers went in for something cheap and as good as 
they could get it at a reasonable price. He believed they used 
aluminium to assist in producing a sound casting, although the 
risers were also made as large as the castings themselves. No 
doubt Swedish iron was the purest metal for these pole pieces, 
but mild steel was very much used ; in fact, German mild steel 
was much sought after by English manufacturers. He had been 
led to think previous to Mr. Webb's statements, that it was a 
sine qua non that manganese should be absent from the pole 
pieces. The instances noted by Mr. Webb were very curious. 
He (the speaker) had heard a few weeks ago that at Crewe, 
where a good many dynamos were made, they had now succeeded 
in making a dynamo metal which was quite as good, tested 
electrically, as the best mild steel obtainable from Germany, 
and that this was being produced at such a cost as would enable 
it, if sold, to compete very favourably with the German article. 
He did not know the composition of the Crewe material, but 
had heard that it contained practically no manganese. 

With regard to the weight upon the wheels in electric loco- 
motives, this was generally found sufficient for traction on the 
smaller Hnes ; on some of the more powerful American engines 
cast iron was used for some of the parts, where in England 
wrought iron was used. As to the value of chain driving, if 
there was a system as efficient as that of gear wheels, the 
inventor had designed a very ingenious and useful thing. 
Hitherto the chain had not been popular, because it caught the 
dust and was not so easily boxed up. 
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ANNUAL MEETING, 

14th December, 1896, 
Mr. T. Daniels, HJ.Hech.EM in the Chair. 



The minutes of the previous meetings having been read and confirmed 
and signed by the Chairman, he announced to the meeting the result of the 
ballot for the election of new members. 

The election of President and other officers of the Association was then 
taken with the result as set forth on opposite page. 

Resolved unaninumsly. — " That the cordial thanks of the members be and 
are hereby tendered to Sir E. Leader Williams, for his services in 
the Presidential Ohair during the past year." 

AMENDMENT OF RULE 7. 

It was proposed by Mr. E. G. Oonstantine, seconded by Mr. James 
Walthew,and resolved unanimously, that the second paragraph, namely — 

** Each candidate shall be proposed and seconded by two members, 
on a meeting night, at least one month previous to the day of 
election, who shall state to the meeting the antecedents, qualifica- 
tions, &c., of the candidate, and give such other information as the 
members present may require ; and in all cases, where practicable, 
the Committee shall make enquiry as to the elegibility of the 
candidate.'' 
Shall be expunged and the following substituted : — 

« Every candidate for membership shall be nominated on a meeting 
night at least one month previous to the day of election ; and a 
proposal form setting forth the candidate's antecedents and qualifica- 
tions, and signed by two members as proposer and seconder, shall be 
forwarded to the Secretary for the consideration of the Committee 
twenty-one days before the day of election to enable them to make 
enquiries as to the elegibility of the candidate. If the candidature be 
approved by the Committee, the candidate's qualifications shall be 
read from the proposal form to the members present on the night of 
election, and the proposer and seconder shall add such further 
information as they may deem desirable, or as the members may 
require." 



Annual Report of Council, 



1896. 



The Council have pleasure in presenting the 40th Annual 
Beport of Proceedings. 

To the membership roll during the year have been added — 

13 Honorary Annual Members. 
13 Ordinary Members. 

Total 26 

and after taking into account the loss by death, resignation and 
erasure, the total number of names of all classes on the roll 
amounts to 368, as against 360 in the previous year, namely: — 

27 Honorary Life Members. 
126 Honorary Annual Members. 
215 Ordinary Members. 

Upon reference to the Financial Statement as certified by the 
auditors (see pages 266-7), it will be seen that the balance standing 
to the credit of the Association after payment of all accounts 
due up to the 31st December, amounts to £3,645. 15s. Id., as 
against £3,469. 8s. 6d., at the close of the preceding year, 
thus showing a surplus of £176. lis. 7d. on the year's working. 

They are pleased to report that the payment to the super- 
annuant members has been at the rate of 7/- per week, and 
that during the coming year this allowance will be increased to 
8/6 per week. 

It is with profound regret the Council have to record that 
during the year death has removed the following members. 



ANNUAL BEPOBT. 245 

brief memoirs of whom are appended on pages 264 and 265. In 
accordance with resolutions, letters of condolence and sympathy 
have been forwarded to the families of the deceased members : — 



Burnet, L. - 


Glasgow. 


Farmer, Chris. - 


Salford. 


Hall, James 


Do. 


Eilgour, Robert - 


London. 


Meizner, F. 


Manchester. 


Viokers, George - 


Salford. 



The following gentlemen have resigned their membership 

during the past year: — 

Goodfellow, F. - Hyde. 

Heaton, Ed. - Manchester. 

Pritchard, J. - - - Oldham. 

Wilson, S. - - - Manchester. 

Wrigley, F. - - - Salford. 

The following gentlemen have ceased to be Members daring 

the past year: — 

Jones, M. - - - - London. 

Martin, H. W. - - - Manchester. 

Bidgway, J. - - - Do. 

Stansfield, S. - - - Do. 

Scott, F. .... Sheffield. 

Wood, W. - - - - Manchester. 

Wrigley, J. S. B. - Oldham. 

The following gentlemen have been added to the Membership 
Eoll during the past year: — 

HONOBABY MeMBEBS. 

Bond, J. T. ... Bolton. 

Day, 0. - - - - Davenport. 

Grandison, J. L. - - Salford. 

Hewitt, T. P. - - - Preacot. 

Hunter, W.H. - - - Stretford. 

Jenkinson, T. - - - St. Helens. 

Kelsall, J. E. • - > Bolton. 
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Mottram, B. 


. 


Salford. 


Row, 0. M. 


- 


Flixton. 


Stubbs, J. H. - 


- 


Manchester. 


Spencer, H. B. - 


" • 


Do. 


Wrigley, F. 


- 


Todmorden. 


Wick. F. J. 


- 


Manchester. 



Obdinaby Membebs. 
Baines, £. N. - - - Longsight. 



Beard, B. H. 


West Gorton 


Buckley, E. W. - 


Manchester. 


Daniels, G. 


Beddlsh. 


Dumford, J. W. - 


Manchester. 


HaUiweU, H. - 


Do. 


Hepworth, J. W. 


Do. 


Muddiman, J. 


Altrincham. 


Mercer, 0. - 


HoUinwood. 


Nuttall, J. H. - 


Clayton. 


Oexle, E. J. 


Manchester. 


Phillips, J. B. - 


Do. 


Southworth, J. T. 


Do. 



Similar to last year, 17 General Meetings of the Association 
have been held, 12 of which having been for literary or business 
purposes, three to inspections and the remainder to Social 
gatherings. The visits of inspection were as follows : — 

June 27. — ^Barrow-in-Furness for inspection of the works of the Naval 
Construction and Armament Company, Ltd. Attendance 94. 

Sept. 14. — ^Liverpool for inspection of the White Star S.S. •* Teutonic," and 
the Electric Generating Station of the Overhead Bailway. 
Attendance 130. 

Oct. 12. — Inspection of the Salford Corporation Gas Works. Attendance 70. 
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Papers Ebad and Discussions held dubing the Tear. 

Jan. 12.— Inaugural Address by the President, Sir E. Leader Williams, 
on *'The Suez and Manchester Ship Canals." 



a 



26.— On '* Electricity as the future Motive Power In the 
Textile Industries," by Messrs. D. Selby Bigge and G. H. 
Firth. 

Feb. 23. — ^Discussion on ditto. 

March 9.— Discussion on <' Steel Castings," introduced by Mr. Alfred 
Saxon. 

„ 30.— On <<Gas Lighting for Public and Private Buildings," 
by Mr. John West, M.In8t.,0.E. 

Oct. 26.— On " Cylinder Condensation, and some means of 
combating same," by Mr. W. H. Booth, London. 

Nov. 9.— On " Pistons and Piston Valves," by Mr. J. Butterworth, 
Manchester. 

„ 23.— On " Electric Locomotives," by Mr. Edgar Worthington, 
Manchester. 



The Council have pleasure in recording their great thanks to 
the Directors of the Naval Construction and Armaments Co. for 
allowing the members to so unrestrictedly inspect their famous 
works. 

Similarly, their thanks are due to Messrs. Ismay, Imrie & Co., 
of the White Star Line, for the kindness and hospitality which 
characterised their reception of the members and ladies during 
their visit to the Teutoriic, which certainly rendered this 
meeting an exceptional success. 

Finally, to Mr. S. Y. Shoubridge, the Council are indebted 
for the attention and courtesy he showed to the members who 
visited Salford Corporation Gasworks. 
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ANNIVERSARY DINNER. 

The Thirty-ninth Anniversary Dinner of the Association was 
held on Saturday evening, February 9th, at the Grand Hotel. 
Sir E. Leader Williams, President of the Association, occupied 
the chair. 

After the toast of *^The Queen and the Royal Family," 
submitted by the Chairman, 

Mr. H. Webb (Bury), in the absence of Mr. J. K. Bythell, 
proposed the toast of **Our Municipal Corporations.'* In doing 
so, he said he was afraid municipal corporations were making 
a mistake in overdoing the matter of technical education. It 
was not necessary for towns to spend enormous sums in tech- 
nical schools and technical education, with a great deal of 
consequent overlapping. He was afraid that in the city of 
Manchester, which was in the very first rank of municipal 
corporations, and the neighbouring borough of Salford, unless 
they were very careful, a considerable amount of foolish money 
would be spent in overlapping and doing things which other 
institutions were already doing well. 

Sir B. T. Leech, in responding on behalf of the Corporation 
of Manchester, said there was no country in the world where 
municipal institutions were carried out in so pure a manner as 
in England. Manchester, he held, was a fair sample of a well- 
governed city. He was perfectly convinced that in the North 
of England they took a right and liberal view in respect to 
municipal institutions. They were told by their friends in the 
South that they had gone very far ahead. He believed they had 
rightly done so. In London many large works were carried out 
by private companies. In Manchester they took those things 
into their own hands, and he believed, with the be^t results, 



ANNUAL BSPOBT. 249 

The Corporations carried on the gasworks, the waterworks, the 
tramways, the markets, and a great many other of the most 
important institutions, and he was not ashamed of the way in 
which those various enterprises were conducted. There was no 
city which had larger commitments than Manchester. We were 
engaged in a great sewage scheme, and we had introduced 
hydraulics into the city, and in that matter the Corporation 
were fully alive to the value of the services rendered hy the 
gentlemen whom he addressed. (Hear, hear.) He hoped they 
would not, as the proposer of the toast had said, go mad upon 
the subject of technical instruction. There was a large amount 
of leeway to be made up, because we found that we were 
behindhand when we looked at our Continental neighbours. 
The Corporation were determined to make good that deficiency, 
and he trusted that while they carried out their scheme of 
technical instruction in a way which should render it inferior to 
that of no place in the world, there need be no fear that they 
would go to too great extremes. It was a matter for congra- 
tulation to those present that their chairman was the engineer 
of the Manchester Ship Canal — a work of which not only 
Manchester and the county of Lancaster, but the whole of 
England might well be proud. (Hear, hear.) Many people had 
said that the Corporation had no business to interfere with what 
was called a private enterprise ; but he believed there was 
something more to be done than carrying out gas and water 
works. He believed Corporations should take an interest in 
everything that would help forward the prosperity of a city. 
(Hear, hear.) He believed it was perfectly right that the 
Corporation should come to the help of that great enterprise, 
which was calculated to so materially increase the prosperity of 
the city. In connection with that subject, he should like to 
bear testimony to the great work their President had done with 
regard to it ; and he could not forget the work of another 
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distinguished past member of that Association — he referred 
to the late Mr. Daniel Adamson. (Applause.) They would 
always treat Mr. Adamson's memory with the greatest possible 
respect. He felt sure the canal would do a good work for 
Manchester, and, indeed, the good it was doing was already 
apparent. 

The Mayob of Salf ord (Mr. Alderman Mottram) also responded. 
He said he noticed that at the next meeting of the Manchester 
Corporation a motion was to be brought forward advocating the 
amalgamation of Manchester and Salford. Before Salf ord joined 
Manchester they would take great care that Salford suffered no 
disadvantage from amalgamation. Manchester and Salford were 
two great towns, and in his view it would be better that they should 
be separate municipalities. If, however, Manchester could prove 
to the people of Salford that there were advantages in amalga- 
mation, the people of that borough would be prepared to receive 
the attentions of Manchester. With referei^ce to what had been 
said about technical instruction, the question was of the greatest 
importance. They in Salford were erecting a technical school, 
and, he thought, with a population of over 200,000, they were 
entitled to have such a school and were well qualified to support 
it. He could promise that their school would not, if it were at 
all possible, clash with Manchester in any way. They intended 
to take up subjects which Manchester would not teach, and he 
hoped Manchester would follow the same course in regard to 
Salford. Salford was doing very well, in spite of little rumours 
that got abroad about deficits. (Laughter.) Theirs was not 
the only borough which had a deficit only they happened to be 
found out. (Renewed laughter.) 

The Mayor of Bury (Mr. Alderman Hall) also responded. 
Mr, T. AsHBUBY proposed the toast of " Our Guests," 
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Mr. C. H. Bingham, Master Gatler, of Sheffield, in responding, 
gave some interesting particulars as to the Cutlers' Company of 
Sheffield, and its control of the trade marks of Sheffield and the 
district known as Hallamshire. When an Act was recently 
passed creating a central department for the control of trade 
marks it was gratifying to the people of Sheffield to find that 
the old system which had worked so well in that town was 
recognised, and they were now in the unique position that the 
control of their own trademark business was in the hands of tbe 
Cutlers* Company. He was glad to have the opportunity of 
recognising the important services rendered to the community 
by the engineering profession. They could not but feel that it 
was to the engineering and like professions that the country 
must largely look for help in the future to get them out of the 
present depressed condition of commerce. (Hear, hear.) 

Mr. T. P. Hewitt spoke of the revival of the watch-making 
industry at Prescot, and claimed that in their small way they 
could claim kinship with the engineers of the country. At 
present they were suflfering under an order from the Government, 
who said that because they sold gold and silver they must have 
a licence. They felt this to be most unjust, and they were 
determined to resist it. (Hear, hear.) 

Sir Joseph Leigh, M.P., proposed *' Prosperity to the 
Association." 

The Pbesident, in replying to the toast, said he desired in no 
way to separate the mechanical from the civil engineer. 
Without the mechanical engineer the Ship Canal could not 
have been made. If they had trusted in the construction of the 
canal to manual labour it would have taken years and years, 
and the interest on the money would have rolled up until the 
canal could not have been made. Without the steam navvies 
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made in England, together with the German and French steam 
navvies which were employed, they would not have been able to 
get out fifty million cubic yards of excavation in anything like 
reasonable time. When mechanical engineers went down the 
canal they might look at the Burton aqueduct, at the swing 
bridges, at the hydraulic arrangements at the gates, and so 
forth, and feel proud of their profession. As a matter of fact 
the world could not get on without engineers. No one could 
judge who had not seen the thousands of drawings in the canal 
office of the work which was entailed in the construction of the 
canal. Without the help not only of those who had given their 
time and money as directors and promoters, but of the able 
engineering staff who assisted him, the work could never have 
been finished. He took no more credit than his share for the 
successful accomplishment of that work. He noticed with some 
amount of pride a letter in the newspapers that morning from 
the marine superintendent of the Company which owned the 
steamship Janeta, which had just taken the largest cargo that 
had gone down the canal — viz., 5,200 tons of coal from 
Partington. The superintendent stated that the passage was 
made "without a scratch.*' That vessel drew 24ft. of water; 
and it must be obvious if a ship of the size of the Janeta, and 
drawing that draught of water, could navigate the canal 
'* without a scratch,'' and other vessels met with scratches, it 
was not so much the fault of the canal as of the management 
of the vessels. (Hear, hear.) A great work like that of the 
canal could not be made a success all at once. They had to get 
traffic from some competitors right and left, and the struggle was 
very great. He much regretted that the chairman of the Canal 
Company was not present, because he could have told them 
something of those struggles. He (Sir E. Leader Williams) 
knew what those struggles were, and how great was the 
competition. There were plenty of people ready to take 
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advantage of the oanal — to send their goods to Liverpool and 
take the benefit of the redactions of freight it had brought 
about. The Company oould not help that, but must go on^ 
because they were satisfied that in the end the canal must be a 
success. (Hear, hear.) There was no reason, he argued, why 
they should not in time have shipbuilding works on the banks 
of the canal. (Hear, hear.) 

Sir W. H. Bailey submitted the toast of '' The Engineering 
Profession," which was responded to by Mr. A. Boss (Manchester^ 
Sheffield, and Lincolnshire Bailway.) 

The health of the President, proposed by Mr. T. Daniels^ 
brought the proceedings to a close. 

During the evening a very enjoyable musical programme was 
rendered by a party of singers under the direction of Mr. J. H. 
Greenwood. 



OPENING OF DISCUSSION SESSION. 

The members of the above Association opened the winter 
session on Saturday, October 12th, by an inspection of the 
Salford Corporation Gasworks during the afternoon, and subse- 
quently by a tea at the Grand Hotel, followed by a discussion 
on the ** Manchester School of Engineers." The party visiting 
the Gasworks* during the afternoon numbered about 70, and 
were conducted over the various departments by the engineer, 
Mr. S. Y. Shoubridge, and his assistants. 

At the meeting held in the evening at the Grand Hotel, the 
chair was occupied by Sir E. Leader Williams, the President, 
and there was a numerous attendance. 



* See page 962 for deecrlption. 
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Mr. T. Daniels, the Vice-President proposed, and Mr. E. O. 
CoNSTANTiNE seconded a vote of thanks to the Salford Corpora- 
tion and to Mr. Shouhridge, for the kindness shown to the 
members daring the inspection of the works in the afternoon, 
both gentlemen speaking in very complimentary terms of the 
excellent condition in which they found every department they 
had gone through. Mr. Oonstantine added that a great deal 
had been said a few years back during the gas-stokers* strike 
with regard to the dreadful conditions under which men laboured 
in the gasworks. If, however, other gasworks were conducted 
on the same lines as those of the Salford Corporation, he could 
not see that the men had much ground for complaint as to the 
conditions under which they laboured, and certainly they were 
not to be compared with the conditions under which firemen 
had to work on board steamships at sea. 

Mr. Shoubridge, in responding to the vote, remarked that he 
hoped from what they had seen that day they would be satisfied 
that the gas industry was not in the moribund condition that 
some people said it was, but that with modern appliances for 
gas manufacture and new and improved burners for its con- 
sumption, it had still a long life before it. 

Mr. T. Daniels, in the course of a short address, next brought 
forward as a subject for discussion the ''Manchester School of 
Engineers," and gave a short review of the life and work of 
Sir William Fairbairn, who, he said, was one of the principal 
comer-stones of the past history of the engineering profession of 
that district. 

In the discussion which followed, Mr. A. Saxon remarked 
that in Sir William Fairbairn^s time he must have had a 
better stamp of workmen about him than engineers had 
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to-day, when they considered the excellence of the work accom- 
plished Tinder the great difficulties with which they had then to 
contend, with regard to poor and inferior tools. A number of 
engines constructed by Sir William Fairbaim were still running 
in Lancashire and Yorkshire, and showed the excellence of 
the work done in his time under very great difficulties and 
disadvantages. 

Mr. Webb remarked that the system of mechanical tests 
introduced by Sir William Fairbairn was amongst the most 
important work he accomplished, and with the further modern 
development of chemical analysis they had a complete and 
thorough method of testing all material. 

Mr. Kelsall having spoken on the subject of chemical 
analysis, which, coupled with mechanical tests, enabled them 
to know exactly what kind of material they were using, Mr. 
Webb added that great service had also been rendered in this 
direction by the late David Adamson, who tested every plate 
put into a boiler. 

The Pbesu)ent referred to the tubular bridges erected by Sir 
William Fairbairn, several of which had been built for him 
(Sir Leader Williams) many years ago, in the Cheshire salt 
district, where they had stood tests which no other bridge had 
had to undergo. 

Mr. Daniels having briefly brought the discussion to a close, 
said that at a future meeting he would bring before them some 
interesting information with regard to the engineering work of 
Mr. Nasmyth, another of the prominent engineers of the 
Manchester district. 
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LIBRARY. 

The following new books have been purchased and added to 
the Library: — 

Alternate Cnrrent Tranaformer. 2 vols. Fleming, J. A. 

Alternating Currents of Eleotricit>. Blakesley, T. A. 

Alternating Currents, Polyphase. Hospitaller. 

Civil Engineers Pocket Book. Trautwine, J. C. 

Dynamo, The. Hawkins & Wallis. 

Dynamo Machinery. Hopkinson, J. 

Electricity, A B C of . 2 additional copies. Meadowcroft, W. H. 

Electric Lamps and Electric Lighting. Fleming, J. A. 

Electric Current, how produced and how nsed. Walmsley, B. M. 

Machine Design, Elements of. Parts I. and H. Unwiu. 

Mechanical Engineers Beference Book for 

Machine and Boiler Construction Foley Nelson. 

Steam Engine, Practical Treatise. 2nd edition. Bigg. 

Steam Power and Mill Work. SutclifFe, G. W. 

Steel Works' Analysis. Arnold, J. 0. 

Telegraphy. Preeoe A Siyewright. 

Telephony. Preeoe A Stubbs. 

The Council have pleasure in acknowledging the following 
donations to the Library : — 

The Lidieator and Engine and Boiler Testing. 

Presented by the Author, Mr. C. Day, Member. 

Economlsers : Detailed Beports of two seiies of tests on the relative 
value of heating the Feed Water for Steam Boilers by Economlsers 
of Green's type, and the circulating system, made by the four 
prineipal Insurance Companies. 

Presented by Mr. J. Parker, Member. 

Screws and Screw Cutting. Presented by the Britannia Co. 

Gas Stoking and Labour-saving Machinery. 

Presented by Mr. John West, Member. 
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The Astoeiation exchanges TransacHoru with the following : — 

Amerioan Institute of Mining Engineers. 

„ Society of Mechanioal Engineers. 
Canadian Society of Civil Engineers. 

Engine, Boiler, and Employers Liability Insurance Company. 
Franklin Institute, America. 
Institution of Civil Engineers of England. 

„ Engineers and Shipbuilders in Scotland. 

„ Mechanioal Engineers. 

Iron and Steel Institute. 
Liverpool Engineering Society. 
Manchester Geological Society. 

„ Literary and Philosophical Society. 
Midland Institute of Mining, Civil, and Mechanioal Engineers. 
Mining Association and Institute of Cornwall. 
Mining Institute of Scotland. 
National Boiler Insurance Co. 

North of England Institute of Mining and Mechanical Engineers. 
North-East Coast of Engineers and Shipbuilders. 
South Wales Institute of Engineers. 
Society of Engineers. 

The following Publications are received periodically : — 

Colliery Guardian. 
Electrical Review. 
Engineer. 
Engineering. 
Industries and Iron. 
Iron and Steel Trades' Beview. 
Marine Engineer. 
Mechanical World. 
Practical Engineer. 
Textile Mercury. 
„ Recorder. 
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REPORTS OP EXCURSIONS. 



VISIT TO BARBOW-IN-FUBNESS, THURSDAY, JUNE 27th. 

The Association devoted the first of its usual summer excursions to 
centres of engineering interest, to visiting the extensive works of the Naval 
Construction and Armaments Co., at BaiTow-in-Fumess, permission to 
inspect which having heen very kindly granted by the directors. The party, 
which numbered upwards of a hundred, was conveyed by special train from 
Manchester, and, after luncheon at the Imperial Hotel, reached the works 
at one o'clock. Every facility was there afforded for a complete inspection of 
the marine engineering plant and all work in progress, the heads of the 
several departments being deputed to conduct the members all through the 
engineering shops and the shipbuilding yards. The inspection, which was 
full of interest throughout, occupied the whole of the remainder of the day, 
and commenced with a tour through the erecting and boiler shops, iron and 
brass foundries, and then on to the shipbuilding yard, where the chief 
portion of the time was occupied in going over several of the war vessels in 
hand for the Government. The most important work which the firm have 
on hand is the building of H.M.S. Powerjul^ a first-class cruiser, and sister 
ship to the Terrihley recently launched by Messrs. J. & G. Thomson, 
Clydebank. The engines for this vessel, which are well advanced, were 
seen in course of construction in the erecting shop, and consist of two sets 
of vertical triple-expansion engines, with four cranks, the special feature 
being the introduction of two low-pressure cylinders, the diameter of the 
cylinders being 45in. high-pressure, 70in. intermediate, and 76in. for the 
two low-pressure cylinders, the stroke of all the cylinders being 4ft., and the 
I.H.P. of the engines is expected to be 25,000 without forced draught. The 
chief interest, however, perhaps centred in the Belleville water-tube type of 
boilers, which are to supply steam for these engines, and respecting which 
so much discussion has recently taken place in Parliament. There are to 
be forty-eight of these water-tube boilers, each having about 120 tubes, and 
the total length of these tubes, if placed end to end, would, it was estimated, 
be something like 9^ miles. Each boiler is to be independent, so that in 
case of accident to any one boiler it can be readily thrown out, and there 
would be no interruption of the continued supply of steam for the remaining 
forty-seven. The total heating service of these boilers is about 68,000 square 
feet, with a bar surface in the grates of about 2,200 square feet ; the working 
steam pressure in the boiler is to be 2601bs. per square inch, which will be 
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reduced to 2101b8. per square inch at the engines. To convey smoke and 
products of combustion away from the furnaces there are to be four funnels 
having a total height of about 80ft. above the fire-bars. 

The hull of the Powerful^ which was going through the finishing 
preparations prior to launching, was gone through from end to end 
and the various special points fully explained to the members. This vessel 
is 521ft. 3in. long on the water line, 71ft. 6in. beam, the displacement being 
over 14,000 tons at 27ft. draft. She is to have no side armour, the protective 
element being in the armoured deck, which extends the whole length of the 
vessel with a maximum thickness of 4in., tapering oft to din. at the ends, 
and the armament is to consist of 53 guns and four torpedo discharge tubes. 

Amongst other Government vessels in hand, were the Jwno and DoriSf 
second-class cruisers, which are practically duplicates of H.M.S. LaUma^ 
Melampus and NaicuL, built by the Company in 1889, and which have given 
great satisfaction. These vessels are 350ft. long by 54ft. wide, having 
5,618 tons displacement and a draft of 20ft. 

Another important and very interesting piece of marine engineering work 
in progress, portions of which, including the specially-designed sand-pumps, 
were seen in course of construction, in the engine shops, was a sand-dredger 
for the Mersey Dock Board, which is to be practically a duplicate of the 
BranekeTt built by the Company in 1893, and which has proved very 
successful for the special purpose for which it was designed, the Brancker 
having removed from the Mersey bars as much as 180,000 tons of sand in 
one week, and largely contributed towards effecting the improvements which 
are now enabling the largest Atlantic liners to be berthed close to the 
landing-stage, thus saving the tedious process of conveying passengers and 
luggage to the vessels in mid-stream. 

Amongst other work inspected was the twin-screw steamer, Duke of 
LanecuteTf built to the order of the L. & Y. and L. A N. W. Bailway Cos. 
for their Fleetwood and Belfast traffic, and which was in the hands of the 
painters prior to being placed on her station. 

Subsequently the party returned to the Imperial Hotel and had tea. The 
chair was occupied by Mr. Thomas Daniels, in the absence of the President 
of the Association, Sir E. Leader Williams. He was supported by Mr. 
Buckley, ex-Mayor of Oldham, Mr. H. Webb, J.P., and many of the leading 
engineers of Manchester. 

The Chairman, in a few opening remarks, read letters from Sir E. Leader 
Williams and Sir W. ^. Bailey, regretting their absence. Be said it had 
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given great pleamire to see through the large works of the Naval Oonstraotion 
and Armaments Co., for it had proved of great interest to him. They had 
seen the large ships on the stocks, but for his own part, be was not a 
believer in large ships, and would sooner have half-a-dozen smaller ones 
than two big ones. 

Mr. Buckley said he had very great pleasure in proposing a vote of thanks 
to the Naval Gonstmction and Armaments Co. for their kindness in 
permitting such a large body to pass through their works. These works 
were materially different from those they were in the habit of seeing, and this 
fact had added very much to their enjoyment. Such occasions gave them 
an opportunity of rubbing together, and learning something, and he was 
sure he was only expressing the desire of all the members when he said he 
hoped this, although the first, would not be the last visit of the Association 
to Barrow. (Applause.) 

Mr. Webb said it gave him much pleasure in seconding the vote of thanks 
to the Naval Construction and Armaments Co. All present he was sure 
were aware that right through the history of the world that nation that had 
paid most attention to naval matters had always been the leading nation. 
They could trace that if they looked right away back. England had always 
looked to her Naval strength, and to-day she controlled three-quarters of 
the carrying power of the world. England held supremacy in the world, 
and this was due to her Navy. In going through the works of the Naval 
Construction and Armaments Co., he was struck with a few things, and one 
was that land must have been moderate in price, and he had asked what the 
land had cost, and had got the answer that it had cost nothing at all. He 
would like to have a few yards at that price. He was very much struck 
with the height, width, and room in the shops, for it was quite different from 
what they were used to seeing — ^places where everything was crammed, and 
people could scarcely move about. He had been greatly interested in the 
Powerful, There was a great mass of metal in it, and no doubt all present 
had noticed the stem, stern post, and rudder, which were of phosphor- 
bronze, and on inquiry he was told that there were some 44 tons, the 
material costing Is. a lb. He was very pleased to have seen that ship in 
construction, for it showed how the ratepayers* money was spent. The one 
great thing that struck him was that behind all this there must be good 
brains, for after all, all this work was done in the drawing office. Thai 
was the principal part. He did not know how the other sections fared, but 
the draughtsmen who showed them round were most obliging. They had 
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been most liberally and most generoosly treated, and their best thanks were 
due to the Naval Construction and Armaments Company. (Loud Applause. 

The Chairman said owing to being very busy, none of the officials of the 
Naval Construction and Armaments Company were present, but he would 
see that this expression of thanks was conveyed to the Naval Construction 
and Armaments Co. 

The company then proceeded to the station, returning to Manchester at 
7 o'clock by a special train. 

VISIT TO LIVERPOOL, SATUBDAY, SEPTEMBER 14th. 

Inspection of the ** Teutonic," 

On Saturday afternoon, September 14th, 130 members and ladies visited 
Liverpool, and inspected the White Star Atlantic steamer TeutoniCt which 
had been freely thrown open to the members by Messrs. Ismay, Imrie & Co. 
Some two or three hours were spent upon the steamer, which had been 
berthed in the Langton Dock after her last passage from New York, the 
elegantly-equipped saloons, state-rooms, <fec., being, of course, specially 
interesting to the ladies of the party, whilst the members of the Association 
paid more particular attention to the engine-rooms and the various 
mechanical arrangements connected with the ship. The engine-rooms, 
shaft tunnel, stokeholds, <&c., were lit up throughout by electricity for the 
special inspection of the members, and the excellent conditions in which 
every part of the ship below deck was kept was a matter of general comment, 
the engine-rooms, and shaft tunnels being models of cleanliness and careful 
attention. The party was, before leaving the ship, invited to afternoon tea 
in the large saloon, Mr. Thomas Daniels, the ex-President, in the 
unavoidable absence of Sir E. Leader Williams, occupying the chair. 

A vote of thanks, on the motion of Mr. Councillor Saxon, seconded by 
Mr. Walthew, was passed to the Company for their kindness in throwing 
open the vessel so unrestrictedly for the inspection of the members, and it 
was added that the mechanical arrangements of the ship had called forth 
the praise and admiration of all. Beturning to Liverpool by the Overhead 
Dock Railway, many of the members availed themselves of the opportunity 
to visit the electric generating station, the details of which were explained 
by Mr. G. B. Cottrell, general manager and engineer. 

Tea was subsequently served at the Bear's Paw Bestaurant, after which 
the party returned to Manchester. The excursion all through was one of 
exceptional interest and enjoyment. 
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SALFOBD GOBPOBATION GASWOBKS. 

The Regent Boad Works and the Liverpool Street Works are situated on 
either side of the London and North Western Bailway to Liverpool, and are 
connected by a foot-bridge. They were commenced in 1858, and cover an 
area of 12| acres. 

At the Begent Boad Works there are two retort houses, containing 
together 212 through retorts, capable of carbonizing 237 tons of coal, and 
producing 2,370,000 cubic feet of gas per day. In the larger of these two 
houses the work of charging and drawing the retorts is effected by machines 
actuated by hydraulic pressure. The coal for use in this house passes 
direct from railway trucks into coal breakers underneath, where it is broken 
to a convenient size. It is then elevated and conveyed to the charging 
machines in the retort house by Woodward's conveyors, which tip the coal 
into hoppers on the charging machines ; and from these it is fed into the 
scoops which put it into the retorts. The average time taken by the 
machines in drawing the coke out of a retort and putting in a fresh charge 
of coal is one minute. 

The hydraulic power is obtained by means of a pair of high pressure 
horizontal engines, with cylinders 12 inches diameter by 15 inches stroke, 
driving two double-acting pumps 6} to 4^ inches diameter. The hydraulic 
pressure employed in the machines is 1751bs. per square inch. The coal- 
breakers and conveyors are driven by two high-pressure horizontal engines, 
with cylinders 12 inches diameter and 18 inches stroke. The machinery 
was designed by Mr. William Foulis, Gas Engineer to the Corporation of 
Glasgow, and supplied by Messrs. Adam Woodward & Sons, of Manchester. 

There are two pairs of horizontal reciprocating gas exhausters, each pair 
capable of passing 80,000 cubic feet of gas per hour, driven by high- 
pressure steam engines with cylinders nine inches diameter and 20 inches 
stroke. The crude gas is first passed through a condenser, consisting of a 
number of horizontal pipes 10 inches diameter, of which a portion are 
exposed to the air, and the remainder immersed in water. It is here cooled 
to the temperature of the atmosphere, and then passes through two Livesey 
washers, where the tar is removed. From these it is forced through three 
tower-scrubbers 50 feet high and 12 feet diameter, to remove the ammonia. 
It then passes through six purifiers 30 feet by 30 feet, filled with lime and 
oxide of iron, where the remaining impurities are taken out. From these 
it goes through the station meters into the gasholders. 
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There are two telescopic gasholders ; one 100 feet diameter, with two 
lifts each 24 feet high, having a total capacity of 400,000 cnbic feet ; and 
the other 150 feet diameter, with four lifts each 30 feet high, having a total 
capacity of 2,000,000 cubic feet. 

The Liverpool Street Works have two retort houses, the first containing 
192 Q retorts 20 feet long by 22 inches wide and 16 inches high, heated 
by regenerative furnaces. They carbonize 264 tons of coal, and produce 
2,640,000 cubic feet of gas per day. The coal for these retorts is supplied 
in railway trucks, which are lifted by two 20-ton hydraulic wagon hoists on 
to elevated railways over the coal stores. There are two pairs of double- 
acting-hydraulic pumps 3g to 2^ inches diameter and 18 inches stroke, 
driven by high pressure horizontal steam engines with cylinders 12 inches 
diameter and 18 inches stroke. The hydraulic machinery and engines were 
manufactured by Messrs. Tannett Walker & Co., of Leeds. 

The other retort house has just been completed. It is designed to 
contain four benches of 72 retorts each, but at present only one bench is 
erected. These retorts are built at an angle of 32°, and will be charged with 
coal from the upper end by gravity. A considerable saving in labour is 
thereby effected. The coal falls from railway trucks into a coalbreaker 
underground, and after being broken is lifted by an elevator into large 
hoppers, placed above the retort bench. A smaller hopper which travels on 
rails in front of the retort bench conveys the coal from the large hopper to 
the retorts as required. In emptying the retorts, the lid at the lower end 
is opened, and the coke slides out into barrows placed beneath. The 
coalbreaker and elevator are driven by a 14-H.P. Otto gas engine, with 
cylinder llj^ inches diameter by 1 foot 9 inches stroke, made by Messrs. 
Crossley Brothers of Manchester. The elevators, conveyors, and coalbreaker 
were supplied by West's Gas improvement Co. of Miles Platting. When 
fully equipped this retort house will carbonize 400 tons of coal, and produce 
four million cnbic feet of gas per day. There are two pairs of rotary 
gas-exhausters made by Messrs. Laidlaw and Sons of Glasgow. Each pair 
is driven by a high-pressure steam-engine with cylinder 16 inches diameter 
by 22 inches stroke, and is capable of passing 200,000 cubic feet of gas per 
hour. There is an annular vertical atmospheric condenser, and a vertical 
tubular condenser for cooling the gas by water. There are two rotary 
washers, and four tower scrubbers, the latter 12 feet diameter and 60 feet 
high. The purifiers are six in number, 24 feet by 24 feet ; their lids are 
lifted by hydraulic pressure* 
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The ammoniacal liqnor produced at all the works is oonverted into 
Sulphate of Ammonia by means of a Feldman sulphate apparatus ; last year 
14,000 tons of liquor were treated, and 1,250 tons of sulphate made. 

The water required for cooling and washing the gas, working the 
hydraulic machinery, quenching coke, &c., is obtained from an artesian 
well, which was sunk on the works by Messrs. Mather and Piatt of Salford. 
The well is 500 feet deep» and varies from 26^ to 15 inches diameter. The 
pump is 12 inches diameter by 36 inches stroke, and is driven through 
helical gearing by a horizontal steam-engine having a single cylinder 12 
inches diameter by 16 inches stroke. The well yields about 10,000 gallons 
of water per hour. 



OBITUARY. 



Lindsay Bubnbt was the second son of Mr. John Burnet, father of the 
architectural profession in Glasgow, and was one of the younger school of 
engineers, and had already made a name for himself in the construction of 
steam boilers, the special department of his profession to which he devoted 
his skill and his business abilities. The major part of his apprenticeship 
was served in the works of Messrs. Barclay, Curie & Co., Whiteinch, and 
finished with Messrs. T. Wingate & Co., Whiteinch, a firm now defunct, 
who were well known for their extensive work in the building of steam 
dredging plant. For a short time, after the expiry of his apprenticeship 
term, he went to sea in order to get further insight into the business of 
mechanical engineering. Subsequently he settled in London for some 
time, and entered the office of Messrs. Bruce & Batho, civil engineers, 
Westminster. While residing in London he became a student in the 
engineering department of University College, where he had the benefit of 
instruction of a high order from Professor A. B. W. Kennedy. After a year 
or two Mr. Burnet returned to Glasgow, and about a dozen years ago he 
commenced business on his own account as an engineer, choosing more 
especially the department of boiler-making, for which purpose he erected 
the well-known works at Moore Park, Govan. A few years after he began 
the business, he was joined, at his own request, by a partner, in the person 
of Mr. Sinclair Couper, who had been a fellow apprentice with him. The 
business at the Moore Park Works was thenceforward carried on under the 
designation of Messrs. Lindsay Burnet & Co., and from these works there 
has been an extensive and constantly growing output of boilers and boiler 
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plate work to home and export order. Mr. Burnet was not only a specialist 
in designing and constmcting steam boilers, but he latterly devoted very 
much attention to the deeper kindred questions connected with the com- 
bustion of coals and other fuels. 

He was elected an Honorary Member, March, 1890, and died 14th 
March, 1895. 



Ohristophbb Atkinson Fabmeb was elected an Ordinary Member in 1875. 
For many years he acted as Manager of the firm of engineers and mill- 
wrights, in Adelphi Street, Salford, of which his brother, the late Sir James 
Farmer, was the head. 

He took an earnest interest in all matters appertaining to the Association, 
and during his twenty years of membership he had been several times on 
the Committee of Management, and at the time of his death was a member 
of that body. He died very suddenly, January 31st, 1895, aged 51. 



Jambs Hall was elected an Ordinary Member in 1864. About the year 
1859 he became connected with the firm of Messr. J. Bobinson &Go., Salford, 
and remained there till the early part of 1895, when he retired, being then 
74 years of age. 

Mr. Hall's quiet unostentatious character prevented him from taking a 
very prominent part in the Association, but at the same time there were 
few meetings held at which he was not present. 

He died suddenly, December 14th, 1895, deeply regretted by a wide circle 
of friends. 



BoBEBT EiLoouB was elected an Ordinary Member in December, 1884, 
and at that time he held the position of foreman fitter, &c., with the firm of 
Messrs. Kendal & Gent, Salford. 

Subsequently he removed to London, connecting himself with Messrs. 
Z. de Ferranti & Co. Unfortunately, however, he was stricken with a grave 
disease which practically rendered him incapable of following his employ- 
ment. In may, 1893, he was compelled to resign his position, and he 
lingered till June 29th, 1895, when he suddenly died, aged 54. 



Geobqe Yickebs was elected an Ordinary Member in 1864. He died 
January 27th, 1895, aged 68 years. 



Fbbd Meixnbb was elected an Ordinary Member in 1866. He died 
August 12th, 1895. 



